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ABOUT THE COVER: 


Front — Clockwise from left, 1) Micron's 16 Meg DRAM 
wafer; 2) More than 4,000 Micron team members give 
painstaking attention to every step of the production pro- 
cess; 3) Scanning electron microscope (SEM) photograph 
of Micron's DRAM mini-stack process; and 4) Micron's 
Triple Port, Dual Port and 4 Meg DRAMs in SOJ, ZIP and 
TSOP packages. 

Back — Micron's Boise, Idaho, corporate headquarters 
including three fabrication facilities. 
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IMPORTANT NOTICE 


Micron Technology, Inc., reserves the 
right to change products or specifica- 
tions without notice. Customers are 
advised to obtain the latest versions of 
product specifications, which should 
be considered in evaluating a product's 
appropriateness for a particular use. 
There is no assurance that Micron's 
semiconductors are appropriate for any 
application by a customer. 

MICRON TECHNOLOGY, INC., 
MAKES NO WARRANTIES EX- 
PRESSED OR IMPLIED OTHER THAN 
COMPLIANCE WITH MICRON'S 
SPECIFICATION SHEET FOR THE 
COMPONENT AT THE TIME OF 
DELIVERY. ANY CLAIM AGAINST 
MICRON MUST BE MADE WITHIN 
NINETY (90) DAYS FROM THE DATE 
OF SHIPMENT FROM MICRON, AND 
MICRON HAS NO LIABILITY 
THEREAFTER. ANY MICRON LIA- 
BILITY IS LIMITED TO REPLACE- 
MENT OF DEFECTIVE ITEMS OR 
RETURN OF AMOUNTS PAID FOR 
DEFECTIVE ITEMS (AT THE BUYER'S 
ELECTION). 


MICRON'S PRODUCTS ARE NOT 
AUTHORIZED FORUSE AS CRITICAL 
COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL 
OF THE PRESIDENT OF MICRON 
TECHNOLOGY, INC. AS USED 
HEREIN: 

A. LIFE SUPPORT DEVICES OR 
SYSTEMS ARP DEVICES OR SYS- 
TEMS WHICH (1) ARE INTENDED 
FOR SURGICAL IMPLANT INTO THE 
BODY, OR (2) SUPPORT OR SUSTAIN 
LIFE AND WHOSE FAILURE TO 
PERFORM WHEN PROPERLY USED 
IN ACCORDANCE WITH INSTRUC- 
TIONS FOR USE PROVIDED IN THE 
LABELING CAN BE REASONABLY 
EXPECTED TO RESULT IN A 
SIGNIFICANT INJURY TO THE USER. 

B. CRITICAL COMPONENT IS ANY 
COMPONENT OF A LIFE SUPPORT 
DEVICE OR SYSTEM WHOSE 
FAILURE TO PERFORM CAN BE 
REASONABLYEXPECTEDTOCAUSE 
THE FAILURE OF THE LIFE SUPPORT 
DEVICE OR SYSTEM OR TO AFFECT 
ITS SAFETY OR EFFECTIVENESS. 
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Dear Customer: 

Micron Technology, Inc., is dedicated to the design, 
manufacture and marketing of high quality, highly reliable 
memory components. Our corporate mission is 

"To be a world class team 
developing advantages for our customers" 

At Micron, we are investing time, talent and resources 
to bring you the finest DRAMs, SRAMs, VRAMs and other 
specialty memory products. We have developed a unique 
intelligent burn-in system, AMBYX™, which evaluates and 
reports the quality level of each and every component we 
produce. 

We are dedicated to continuous improvement of all our 
products and services. This means continual reduction of 
electrical and mechanical defect levels. It also means the 
addition of new services such as "just-in-time" delivery 
and electronic data interchange programs. And, when you 
have a design or application question, you can get the 
answers you need from the source through one of Micron's 
applications engineers. 

We're proud of our products, our progress and our 
performance. And we're pleased that you're choosing 
Micron as your memory supplier. 

The Micron Team 
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ADVANTAGES 

Micron Technology brings quality, productivity and 
innovation together to provide advantages for our cus- 
tomers. Our products feature some of the industry's 
fastest speeds and smallest die sizes. And we establish 
delivery standards based on your expectations, including 
JIT programs, made possible by ever-increasing product 
reliability. 

COMPONENT INTEGRATED CIRCUITS 

Micron Technology entered the memory market 14 
years ago first designing, then manufacturing dynamic 
random access memory (DRAM). From there, we devel- 
oped high-performance fast static RAM (SRAM), multiport 
DRAM (VRAM and Triple Port DRAM), and a variety 
other memory products. 

As we bring progressive memory solutions to our 
customers, we enjoy recognition for our achievements. 
Micron's Triple Port DRAM was the first IC ever to 
incorporate a second, independent serial access port, 
allowing unparalleled flexibility in data manipulation. In 
1990, Micron's Triple Port received the 1990 "Product of 
the Year" award from Electronic Products magazine. 

SPECIALTY MEMORY PRODUCTS 

Beyond our standard component memory. Micron is 
introducing many revolutionary products that we expect 
will follow the Triple Port's tradition. From FIFOs to 
processors. Micron continues to forge ahead into new 
and exciting frontiers. 

We are pleased to be first to market with our compact, 
easy-to-install 88-pin IC DRAM Card. Ideal for laptop, 
notebook and other portable systems. Micron's IC DRAM 
Card offers both high density and low power within 
JEDEC and JEIDA specifications.* 

MILITARY CERTIFIED PRODUCTS 

As one of the few manufacturers of military-grade 
memory in North America, Micron is proud to provide a 
documented source inspection from wafer start to fin- 
ished product. We've earned recognition from U.S. and 
European space agencies as well as Joint Army/Navy 


certification for both our NMOS and CMOS process 
technologies. 

DIE SALES 

In addition to our durable packaging. Micron also 
provides memory devices in bare die form. These 
are increasingly in demand for commercial and military 
use in highly specialized applications. Micron's bare die 
products are available both in 6" wafers and wafflepacks. 

CUSTOM MANUFACTURING SERVICES 

For total project management. Micron offers added- 
value services. These include both standard contract 
manufacturing services for system-level products includ- 
ing design, assembly, customer kitted assembly, compre- 
hensive quality testing or shipping as well as complete 
turnkey services covering all phases of production. Our 
component and system-level manufacturing facilities 
are centrally located in Boise, Idaho, so the component 
products you need are readily available. 

QUALITY 

Without a doubt, quality is the most important thing 
we provide to every Micron customer with every Micron 
shipment. That's because we believe that quality must 
be internalized consistently at every level of our com- 
pany. We provide every Micron team member with the 
training and motivation needed to make Micron's quality 
philosophy a reality. 

One way we have measurably improved both produc- 
tivity and product quality is through our own quality 
improvement program formed by individuals through- 
out the company. Micron quality teams get together to 
address a wide range of issues within their areas. We 
consistently and regularly perform a company-wide self- 
assessment based on the Malcolm Baldrige National 
Quality Award criteria. We've also implemented statisti- 
cal process controls to evaluate every facet of the memory 
design, fabrication, assembly and shipping process. And 
our AMBYX™ intelligent burn-in and test system** gives 
Micron a unique edge in product reliability. 


*See NOTE, page v. 

**For more information on Micron's AMBYX™, see Section 7. 
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ABOUT THIS BOOK 

CONTENT 

The 1992 DRAM Data Book from Micron Technology 
provides complete specifications on all standard DRAMs 
and DRAM modules as well as specialty and derivative 
products based on our DRAM production process. 

The DRAM Data Book is one of three product data books 
Micron currently publishes. Its two companion volumes 
include our SRAM Data Book and Military Data Book. 

SECTION ORGANIZATION 
Micron's 1992 DRAM Data Book contains a detailed 
Table of Contents with sequential and numerical indexes of 
products as well as a complete product selection guide. The 
Data Book is organized into nine sections: 


DATA SHEET SEQUENCE 

Data sheets in this book are ordered first by width and 
second by depth. For example, the DRAM section begins 
with the 1 Meg x 1 followed by 4 Meg x 1 and all other xl 
configurations in order of ascending depth. Next come the 
x4 products, followed by x8, etc., as applicable to the 
specific product family. 

DATA SHEET DESIGNATIONS 

As detailed in the table below, each Micron product 
data sheet is classified as either Advance, Preliminary or 
Final. In addition, new product data sheets that are new 
additions are designated with a "New" indicator in the tab 
area of the front page. 


• Sections 1-5: Individual product families. Each 
contains a product selection guide followed by 
data sheets. 

• Section 6: Application/ technical notes. 

• Section 7: Summary of Micron's unique 
quality and reliability programs and testing 
operation, including our AMBYX™ intelligent 
bum-in and test system.* 

• Section 8: Packaging information. 

• Section 9: Product ordering information, 
including a list of sales representatives and 
distributors worldwide. 


DATA SHEET DESIGNATIONS 


SURVEY 

We have included a removable, postage-paid survey 
form in the front of this book. Your time in completing and 
returning this survey will enhance our efforts to continually 
improve our product literature. 

For more information on Micron product literature, or to 
order additional copies of this publication, contact 

Micron Technology, Inc. 

2805 East Columbia Road 
Boise, ID 83706 
Phone:(208)368-3900 
FAX: (208) 368-4431 
Customer Comment Line: 

800-932-4992 (USA) 

01-208-368-3410 (Inti.) 


DATA SHEET MARKING 

DEFINITION 

“Advance” 

This data sheet contains initial descriptions of products still under development. 

“Preliminary” 

This data sheet contains initial characterization limits that are subject to change upon full 
characterization of production devices. 

No Marking (Final) 

This data sheet contains minimum and maximum limits specified over the complete power 
supply and temperature range for production devices. Although considered final, these 
specifications are subject to change, as further product development and data character- 
ization sometimes occur. 

“New” 

This data sheet (which may be either Advance, Preliminary or Final) is a new addition to 
the Data Book. 


NOTE: Micron's DRAM Data Book uses acronyms to refer to certain industry-standard-setting bodies. These are defined 
below for your reference: 

EIA/JEDEC — Electronics Industry Association/Joint Electron Device Engineering Council. 

JEIDA — Japanese Electronics Industry Development Association. 

PCMCIA — Personal Computer Memory Card International Association. 

‘Micron’s Quality/Reliability Handbook is available by calling (208) 368-3900. 
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EXPANDED COMPONENT NUMBERING SYSTEM 


Micron 
DRAM 
CMOS 
256K x 4 


AA BBCC DDDD FFF -GG ZZZZ 

I I I I I L _]_ 

MT4C4256DJ-8 VL 


Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 


AA - PRODUCT LINE IDENTIFIER 

Component Product MT 

BB - PRODUCT FAMILY 

DRAM . 4 

DPDRAM 42 

TPDRAM . 43 

SRAM 5 

FIFO ................. 52 

Cache Data SRAM .56 

Synchronous SRAM 58 

CC - PROCESS TECHNOLOGY 

CMOS C 

Low Voltage CMOS .....LC 

DDDD -DEVICE NUMBER 

(Can be modified to indicate variations) 

DRAM Width, Density 

DPDRAM.... Width, Density 

TPDRAM Width, Density 

SRAM Total Bits, Width 

CACHE ................Density, Width 

Latched SRAM Total Bits, Width 

FIFO Width, Total Bits 

Synchronous SRAM Density, Width 

E- DEVICE VERSIONS 

(Alphabetic characters only; located between D and F when 
required) 

JEDEC Test Mode (4 Meg DRAM) J 

Errata on Base Part Q 

FFF - PACKAGE CODES 

PLASTIC 

DIP Blank 

DIP (Wide Body) W 

ZIP Z 

LCC EJ 

SOP/SOIC SG 


FFF - PACKAGE CODES (continued) 

QFP 

TSOP (Type II) ..... 

TSQP (Reversed) 

TSOP (Longer) 

SOJ 

SOJ (Reversed) 

SOJ (Longer) 

DIE 

Die... 

Wafer ..................... 

Military Die 

Military Wafer 

Ceramic 

DIP 

DIP (Narrow Body) 

DIP (Wide Body) 

LCC 

LCC (Narrow Body) 

LCC (Wide Body) 

SOP/SOIC.. 

SOJ 

PGA.... 

FLAT PACK . 

GG - ACCESS TIME 

-5 

-6 

-7 

-8 

-10 

-12 .................. 

-15 

-17 ....... 

-20 ........ 

-25 ............ 

-35 

-45 .... 

-50 (SRAM only) 

-53 


,...LG 

,..TG 

...RG 

....TL 

....DJ 

...DR 

,..DL 

.XDC 

XWC 

...XD 

„.XW 

C 

CN 

...CW 
....EC 
.ECN 
ECW 
...CG 
DCJ 
...CA 
F 


....5ns or 50ns 
....6ns or 60ns 
....7ns or 70ns 
....8ns or 80ns 
10ns or 100ns 
12ns or 120ns 
15ns or 150ns 

17ns 

20ns 

25ns 

35ns 

45ns 

50ns 

53ns 
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EXPANDED COMPONENT NUMBERING SYSTEM (continued) 


AA BBCC DDOD FFF -GG ZZZZ 

_l I L L 


MT 4C4256D J-8 VL 


Micron 
DRAM 
CMOS 
256 K x 4 


X 


GG - ACCESS TIME (continued) 


55nc* 

-70 (SRAM only) 1... ’ 70ns 


ZZ ZZ - PROCESSING CODES 

(Multiple processing codes are separated by a space and are 
listed in hierarchical order). 

Example: 

A DRAM supporting low power, extended refresh (L); low voltage 
(V) and the industrial temperature range (IT) would be indicated as: 


V L IT 

Interim I 

Low Voltage V 

DRAMS 

Low Power (Extended Refresh) L 

Low Voltage, Low Power (Extended Refresh) .VL 

Low Power (Self Refresh) S 

Low Voltage, Low Power (Self Refresh) .....VS 

SRAMS 

Low Volt Data Retention L 

Low Power ... P 

Low Power, Low Volt Data Retention LP 

Low Voltage, Low Power VP 


Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 


ZZ ZZ - PROCESSING CODES (continued) 


Low Voltage, Low Volt Data Retention VL 

Low Voltage, Low Volt Data Retention, 

Low Power VB 

EPI Wafer E 

Commercial Testing 

0°C to +70°C Blank 

-40°C to +85°C IT 

-40°C to +125°C AT 

-55°C to +125°C XT 

MIL-STD-883C Testing 

-55°C to +125°C 883C 

-55°C to +110°C (DRAMs) 883C 

0°C to +70°C M070 

Special Processing 

Engineering Sample ES 

Mechanical Sample MS 

Sample Kit* ... SK 

Tape and Reel* TR 

Bar Code* BC 


* Used in device order codes; this code is not marked on device. 
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NEW COMPONENT NUMBERING SYSTEM 


Micron 
DRAM 
CMOS 
1 Meg x 16 


AA BBCC DDDDDD EE FFF -GG ZZZZ 


I L_L I I I I I 

MT4C1M16A1 DJ-8 VL 



Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 
Data Sheet Defined 


AA - PRODUCT LINE IDENTIFIER 


Component Product MT 

BB- PRODUCT FAMILY 

DRAM 4 

DPDRAM ............42 

TPDRAM 43 

Synchronous DRAM 48 

SRAM...... 5 

FIFO 52 

Latched SRAM 56 

Synchronous SRAM .... 58 

CC- PROCESS TECHNOLOGY 

CMOS C 

Low Voltage CMOS LC 


DDDDDD - DEVICE NUMBER 

Depth, Width 

Example: 

1M16 - 1 Megabit deep by 16 bits wide = 16 Megabits of total 
memory 

No Letter Bits 

K Kilobits 

M Megabits 

G Gigabits 

EE -DEVICE VERSIONS 


(The first character is an alphabetic character only; the 
second character is a numeric character only.) 
Specified by individual data sheet 


FFF -PACKAGE CODES 


Plastic 

DIP ...Blank 

DIP (Wide Body) .....W 

ZIP Z 

LCC EJ 

SOP/SOIC....... SG 


FFF - PACKAGE CODES (continued) 

QFP 

TSOP (Type II) 

TSOP (Reversed) 

TSOP (Longer) 

SOJ.. 

SOJ (Reversed) 

SOJ (Longer) 

DIE 

Die 

Wafer 

Military Die 

Military Wafer 

CERAMIC 

DIP ;.. 

DIP (Narrow Body) 

DIP (Wide Body) 

LCC (Narrow Body) 

LCC 

LCC (Wide Body) 

SOP/SOIC 

SOJ 

PGA 

FLAT PACK 

GG- ACCESS TIME 

-5 

-6 

-7 

-8 

-10 ... 

-12 

-15 

-17 

-20 

-25 

-35 

-45 

-50 (SRAM only) 


LG 

TG 

RG 

.TL 

.DJ 

DR 

DL 


.XDC 

XWC 

...XD 

..XW 


C 

...CN 
..CW 
.ECN 
...EC 
ECW 
...CG 
. DCJ 
...CA 
F 


....5ns or 50ns 
....6ns or 60ns 
....7ns or 70ns 
....8ns or 80ns 
10ns or 100ns 
12ns or 120ns 
15ns or 150ns 

17ns 

...20ns 

25ns 

35ns 

45ns 

50ns 
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NEW COMPONENT NUMBERING SYSTEM (continued) 


Micron 
DRAM 
CMOS 
1 Meg x 1 6 


AA BB CC DDODDD EE FFF -GG 

J 11 1 1 | L 


MT4C1M16A1 DJ-8 




Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 
Data Sheet Defined 


GG - ACCESS TIME (continued) 


-53 53ns 


ZZ ZZ - PROCESSING CODES 

(Multiple processing codes are separated by a space and are 
listed in hierarchical order.) 

Example: 

A DRAM supporting low power, extended refresh (L); low voltage 
(V) and the industrial temperature range (IT) would be indicated as: 
V L IT 

Interim I 

Low Voltage ...V 

DRAMs 

Low Power (Extended Refresh) L 

Low Voltage, Low Power (Extended Refresh) VL 

Low Power (Self Refresh) S 

Low Voltage, Low Power (Self Refresh) VS 

SRAMs 

Low Volt Data Retention L 

Low Power P 

Low Power, Low Volt Data Retention LP 

Low Voltage, Low Power VP 


ZZ ZZ - PROCESSING CODES (continued) 


Low Voltage, Low Volt Data Retention VL 

Low Voltage, Low Volt Data Retention, 

Low Power VB 

EPI Wafer E 

Commercial Testing 

0°C to +70°C ............ Blank 

-40°C to +85°C IT 

-40°C to +125°C AT 

-55°C to +125°C XT 

MIL-STD-883C Testing 

-55°C to +125°C 883C 

-55°C to +110°C (DRAMs) 883C 

0°C to +70°C M070 

Special Processing 

Engineering Sample ES 

Mechanical Sample MS 

Sample Kit* ..SK 

Tape and Reel* ...TR 

Bar Code* BC 


* Used in device order codes; this code is not marked on device. 
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MODULE NUMBERING SYSTEM 


Micron 
12 Components 
DRAM Module 
1 Meg 


AA BB CDDDEE F GG HH 


_J L__LJ._LJ_1._L 

MT12D136GL-7 



70ns Access Time 

Low Power (Extended Refresh) 

Gold Plating 

x36 


AA - PRODUCT LINE IDENTIFIER 

Micron Technology Component Product 


GG - SPECIAL DESIGNATOR 

MT Low Power L 


BB - NUMBER OF MEMORY COMPONENTS 
C-RAM FAMILY 


SRAM S 

DRAM D 


DDD- DEPTH 
EE -WIDTH 
F- PACKAGE CODE 


DIP . D 

Gold Plate G 

ZIP ...Z 

SIP N 

SIMM... M 


HH- ACCESS TIME 


-10 10ns or 100ns 

-15 ...15 ns 

-20 20ns 

-25 25ns 

-30 30ns 

-35 ........35ns 

-45 ......45ns 

-6 ...60ns 

-7 70ns 

-8 ..80ns 
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1C DRAM CARD NUMBERING SYSTEM 


Micron 
12 Components 
88-Pin DRAM Card 


AA BB CCCC ODD EE F-GG 

_J I I ±_J I L 

MT1 2D88C1 36 -8 



80ns Access Time 
Special Designator 
x36 
1 Meg 


AA - PRODUCT LINE IDENTIFIER 

Micron Technology Component Product ...MT 

BB - NUMBER OF MEMORY COMPONENTS 

CCCC - DRAM CARD DESIGNATOR AND PIN COUNT 

88-Pin DRAM Card D88C 

60-Pin DRAM Card D60C 

DDD- DEPTH 


EE -WIDTH 


F - SPECIAL DESIGNATOR 


3.3 Volts... V 

G - ACCESS TIME 

-5 50ns 

-6 ....................60ns 

-7... 70ns 

-8 80ns 
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DYNAMIC RAMS 


PAGE 


MT4C1024 

1 Meg x 1 

MT4C1024 L 

1 Meg xl 

MT4C1026 


MT4C1004J 


MT4C1004J L 

4 Meg x 1 

MT4C1006J 

4Megx 1 

MT4C16M1A1 


MT4LC16M1A1 


MT4C16M1D1 

16Megxl 

MT4C4256 

256K x 4 

MT4C4256 L 

256K x 4 

MT4C4256 VL 

256K x 4 

MT4C4258 

256K x 4 

MT4C4001J 

1 Meg x 4 

MT4C4001J L 

1 Meg x 4 

MT4C4003J 

1 Meg x 4 

MT4C4004J 

1 Meg x 4 

MT4C4M4A1 

4 Meg x 4 

MT4C4M4B1 

..4 Meg x 4 

MT4LC4M4A1 

4 Meg x 4 

MT4LC4M4B1 

4 Meg x 4 

MT4C4M4D1 

4 Meg x4 


FP 

FP, LP 

SC 

FP 

FP, LP 

SC 

FP, 4KR 

FP, 4KR, LV 

SC, 4KR 

FP 

FP, LP 

FP, LP, LV .. 

SC 

FP 

FP, LP 

SC 

FP, QCP 

FP, 4KR 

FP, 2KR 

FP, 4KR, LV 
FP, 2KR, LV 
SC, 4KR 


1-1 

1-13 

1-25 

1-37 

1-49 

1-61 

1-73 

1-73 

1-85 

1-87 

1-97 

1-109 

1-121 

1-133 

1-145 

1-157 

1-169 

1-183 

1-183 

1-195 

1-195 

1-207 


FP FAST PAGE MODE 

SC STATIC COLUMN MODE 

LP Low Power, Extended Refresh 

QCP Quad CAS Parity 


LV Low Voltage 

2KR 2,048 Row Refresh 

4KR 4,096 Row Refresh 


WIDE DRAMS 


MT4C8512 512K x 8 

MT4C8513 512K x 8 

MT4C8512L 512Kx8 

MT4C8513 L 512Kx8 

MT4(L)C2M8A1 2 Meg x 8 

MT4(L)C2M8A2 2 Meg x 8 

MT4(L)C2M8B1 2 Meg x 8 

MT4(L)C2M8B2 2 Meg x 8 

MT4(L)C2M8A1 S 2 Meg x 8 

MT4(L)C2M8A2 S 2 Meg x 8 

MT4(L)C2M8B1 S 2 Meg x 8 

MT4(L)C2M8B2 S 2 Meg x 8 

MT4C1664 64K x 16 


PAGE 


FP 2-1 

FP, WPB 2-1 

FP, LP 2-15 

FP, WPB, LP 2-15 

FP, 4KR 2-31 

FP, 4KR, WPB 2-31 

FP, 2KR 2-47 

FP, 2KR, WPB 2-47 

FP, 4KR, S, LP 2-63 

FP, 4KR, WPB, S, LP 2-63 

FP, 2KR, S, LP 2-81 

FP, 2KR, WPB, S, LP 2-81 

FP, DW 2-99 
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WIDE DRAMS (continued) 


PAGE 


MT4C1665 64K x 16 

MT4C1664 L 64Kxl6 

MT4C1665 L 64Kxl6 

MT4C1670 64Kx 16 

MT4C1671 64Kx 16 

MT4C1670 L 64Kxl6 

MT4C1671 L 64K x 16 

MT4C16256 256Kxl6 

MT4C16257 256Kxl6 

MT4C16258 256K x 16 

MT4C16259 256K x 16 

MT4C16256 L 256K x 16 

MT4C16257 L ..256K x 16 

MT4C16258 L 256K x 16 

MT4C16259 L 256Kxl6 

MT4C16260 256Kx 16 

MT4C16261 256K x 16 

MT4(L)C1M16C3 1 Meg x 16 

MT4(L)C1M16C5 1 Meg x 16 

MT4(L)C 1 M 1 6C6 1 Megx 16 

MT4(L)C1M16C7 1 Meg x 16 

MT4(L)C1M16C3 S 1 Meg x 16 

MT4(L)C1M16C5 S 1 Meg x 16 

MT4(L)C1M16C6 S 1 Meg x 16 

MT4(L)C1M16C7 S 1 Meg x 16 


FP 

LP.. 

DW.... 

2KR 

S 

DRAM MODULES 

MT2D2568 

MT2D18 

MT8D18 

MT2D48 

MT8D48 

MT8D168 

MT3D2569 

MT3D19 

MT9D19 

MT3D49 


FAST PAGE MODE 

Low Power, Extended Refresh 

Dual WE 

2,048 Refresh 

Self Refresh 


....256Kx 8 
.. 1 Meg x 8 
.. 1 Meg x 8 
..4 Megx 8 
. 4 Meg x 8 
16 Meg x 8 
,...256Kx9 
.. 1 Meg x 9 
.. 1 Meg x 9 
..4 Megx 9 


FP, WPB 2-99 

FP, DW, LP 2-115 

FP, WPB, LP 2-115 

SC, DW 2-133 

SC, WPB 2-133 

SC, DW, LP ... 2-151 

SC, WPB, LP 2-151 

FP, DW 2-169 

FP, DC 2-169 

FP, DW, WPB 2-169 

FP, DC, WPB 2-169 

FP, DW, LP 2-191 

FP, DC, LP 2-191 

FP, DW, WPB, LP 2-191 

FP, DC, WPB, LP 2-191 

FP, ASY, DW 2-213 

FP, WPB, ASY 2-213 

FP, DC 2-229 

FP, DW 2-229 

FP, DC, WPB 2-229 

FP, DW, WPB 2-229 

FP, DC, S, LP 2-251 

FP, DW, S, LP 2-251 

FP, DC, WPB, S, LP 2-251 

FP, DW, WPB, S, LP 2-251 


SC STATIC COLUMN 

WPB I WRITE PER BIT 

DC Dual CAS 

4KR 4,096 Refresh 

ASY Asymmetrical Addressing 


LP, LV* 3-1 

LP, LV* 3-11 

LP 3-21 

3-31 

LP 3-41 

3-51 

LP 3-61 

LP 3-71 

LP 3-81 

3-91 
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DRAM MODULES (continued) 


MT9D49 4 Meg x 9 LP 

MT9D169 16 Meg x 9 

MT8D25632 512K x 16 LP, LV* 

MT16D51232 1 Meg x 16 LP, LV* 

MT8D132 .2 Meg x 16 LP, LV* 

MT16D232 4 Meg x 16 LP, LV* 

MT8D432 8 Meg x 16 

MT16D832 16 Meg x 16 

MT10D25636 512Kxl8 

MT6D118 1 Meg x 18 

MT20D51236 1 Meg x 18 

MT12D136 2 Meg x 18 LP 

MT24D236 4 Meg x 18 LP 

MT12D436 8 Meg x 18 

MT24D836 16 Meg x 18 ....... 

MT8D25632 256K x 32 LP, LV* 

MT16D51232 512K x 32 LP, LV* 

MT8D132 1 Meg x 32 LP,LV* 

MT16D232 2 Meg x 32 LP, LV* 

MT8D432 4 Meg x 32 

MT16D832 8 Meg x 32 

MT9D25636 256Kx36 

MT10D25636 256Kx36 ... 

MT18D51236 512K x 36 

MT20D51236 512K x 36 

MT9D136 1 Meg x 36 

MT12D136 1 Meg x 36 LP 

MT18D236 2 Meg x 36 

MT24D236 2 Meg x 36 LP 

MT12D436 4 Meg x 36 

MT24D836 8 Meg x 36 

MT10D25640 256K x 40 LP, LV* 

MT20D51240 512Kx40 LP,LV* 

MT10D140 1 Meg x 40 LP, LV* 

MT20D240 2 Meg x 40 LP, LV* 


3-101 

3-111 

3-121 

3-133 

3-145 

3-157 

3-169 

3-179 

3-199 

3-209 

3-229 

3-249 

3-271 

3-283 

3-293 

3-121 

3-133 

3-145 

3-157 

3-169 

3-179 

3-189 

3-199 

3-219 

3-229 

3-239 

3-249 

3-261 

3-271 

3-283 

3-293 

3-303 

3-315 

3-327 

3-339 


LP : : Low Power LV ...... 1 ...... Low Voltage 

NOTE: AH modules include FAST PAGE MODE cycle. *Contact factory regarding availability of low voltage versions. 
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IC DRAM CARDS 


PAGE 


MT8D88C25632 512K x 16 

MT16D88C51232 1 Meg x 16 

MT8D88C132 2 Meg x 16 

MT16D88C232 4 Meg x 16 

MT12D88C25636 512K x 18 

MT24D88C51236 1 Meg x 18 

MT12D88C136 2 Meg x 18 

MT24D88C236 ....4 Meg x 18 

MT12D88C25640 ...512K x 20 

MT24D88C51240 1 Meg x 20 

MT12D88C140 2 Meg x 20 

MT24D88C240 4 Meg x 20 

MT8D88C25632 256K x 32 

MT16D88C51232 512K x 32 

MT8D88C132 lMegx32 

MT16D88C232 2 Meg x 32 

MT12D88C25636 256K x 36 

MT24D88C51236 512K x 36 

MT12D88C136 .....1 Megx 36 

MT24D88C236 2 Meg x 36 

MT12D88C25640 256K x 40 

MT24D88C51240 512K x 40 

MT12D88C140 1 Meg x 40 

MT24D88C240 ..2 Meg x 40 


4-1 

4-17 

4-33 

4-49 

4-65 

4-79 

4-93 

4-107 

4-121 

4-137 

4-153 

4-169 

4-1 

4-17 

4-33 

4-49 

4-65 

4-79 

4-93 

4-107 

4-121 

4-137 

4-153 

4-169 


MULTIPORT DRAMS 


PAGE 


MT42C4255 256Kx4 FP... ..... 

MT42C4256 256K x 4 FP, BW, LP 

MT42C8127 128K x 8 FP 

MT42C8128 128K x 8 FP, BW, LP 

MT42C8255 256K x 8 FP, BW 

MT42C8256 256K x 8 FP, BW 

MT42C256K16A1 256K x 16 FP, BW 

MT43C4257 256K x 4 FP, B W, QSF pin 

MT43C4258 256K x 4 FP, B W, SSF pin . 

MT43C8128 128K x 8 FP, BW, QSF pin 

MT43C8129 128K x 8 FP, BW, SSF pin . 

MT43C256K8A1 256K x 8 FP, BW, 


5-1 

5-3 

5-39 

5-41 

5-79 

5-111 

5-153 

5-155 

5-155 

5-201 

5-201 

5-247 


FP FAST PAGE MODE BW BLOCK WRITE 

LP Low Power, Extended Refresh 
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TN-00-01 . Moisture Absorption in Plastic Packages 

TN-00-02 Micron Tape and Reel Procedures 
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TN-04-02 MT4C1664 and MT4C1665 Compatibilities 
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TN-04-04 MT4C1664: 256 Kilobyte Memory System with Four CAS Lines 
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TN-04-12 LPDRAM BBU Current vs. RAS Active Time (4 Meg) 

TN-04-14 Low Voltage (3V) DRAM Design Issues 
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TN-88-01 88-Pin IC DRAM Cards ....... 

AN-04-01 Chips & Technologies' 82C456 VGA Controller Using MT4C1664 .... 


6-1 

6-3 

6-9 

6-11 

6-13 

6-15 

6-17 

6-19 

6-21 

6-23 

6-25 

6-27 

6-29 

6-35 
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Overview 7-1 

Process Flow Chart 7-12 
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10D140 

.... DRAM Modules 

3-327 

10D25636 

....DRAM Modules 

3-199 

10D25640 

.... DRAM Modules 

3-303 

12D136 

.... DRAM Modules 

3-249 

12D436 

.... DRAM Modules 

3-283 

12D88C136 

....IC DRAM Cards 

4-93 

12D88C140 

....IC DRAM Cards 

4-153 

12D88C25636 

....IC DRAM Cards 

4-65 

12D88C25640 

....IC DRAM Cards 

4-121 

16D232 

....DRAM Modules 

3-157 

16D51232 

....DRAM Modules 

3-133 

16D832 

.... DRAM Modules 

3-179 

16D88C232 

....IC DRAM Cards 

4-49 

16D88C51232 

....IC DRAM Cards 

4-17 

18D236 

....DRAM Modules .......... 

3-261 

18D51236 

....DRAM Modules .......... 

3-219 

20D240 

....DRAM Modules .......... 

3-339 

20D51236 

....DRAM Modules 

3-229 

20D51240 

....DRAM Modules .......... 

3-315 

24D236 

...DRAM Modules .......... 

3-271 

24D836 

....DRAM Modules .......... 

3-293 

24D88C236 

....IC DRAM Cards 

4-107 

24D88C240 

....IC DRAM Cards .......... 

4-169 

24D88C51236 

....IC DRAM Cards 

4-79 

24D88C51240 

....IC DRAM Cards 

4-137 

2D18 

.... DRAM Modules 

3-11 

2D2568 

.... DRAM Modules 

3-1 

2D48 

.... DRAM Modules 

3-31 

3D19 

.... DRAM Modules 

3-71 

3D2569 

....DRAM Modules 

3-61 

3D49 

.... DRAM Modules 

3-91 

42C256K16A1 

VRAM 

5-153 

42C4255 

VRAM 

5-1 

42C4256 

VRAM 

5-3 

42C8127 

VRAM 

5-39 

42C8128 

VRAM 

5-41 

42C8255 

VRAM 

5-79 

42C8256 

VRAM 

5-111 

43C256K8A1 

TPDRAM 

5-247 

43C4257 

TPDRAM 

5-155 
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4C1006J 

4C16256 .... 
4C16256 L . 
4C16257 .... 
4C16257 L . 
4C16258 .... 
4C16258 L . 
4C16259 .... 
4C16259 L . 
4C16260 .... 
4C16261 .... 

4C1664 

4C1664 L ... 

4C1665 

4C1665 L ... 

4C1670 

4C1670 L ... 

4C1671 

4C1671 L ... 
4C16M1A1 
4C16M1D1 

4C4001J 

4C4001J L .. 

4C4003J 

4C4004J 

4C4256 

4C4256 L ... 
4C4256VL 

4C4258 

4C4M4A1 .. 
4C4M4B1 ... 
4C4M4D1 .. 


TPDRAM 

TPDRAM 

TPDRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 
Wide DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 

DRAM 


XVIII 


5-155 

5-201 

5-201 

1-1 

1-13 

1-25 

1-37 

1- 49 
1-61 

2- 169 
2-191 
2-169 
2-191 
2-169 
2-191 
2-169 
2-191 
2-213 
2-213 
2-99 
2-115 
2-99 
2-115 
2-133 
2-151 
2-133 
2-151 
1-73 
1-85 
1-133 
1-145 
1-157 
1-169 
1-87 
1-97 
1-109 
1-121 
1-183 
1-183 
1-207 
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PAGE 

4C8512 

Wide DRAM 

2-1 

4C8512 L 

Wide DRAM 

2-15 

4C8513 

Wide DRAM 

2-1 

4C8513L 

Wide DRAM 

2-15 

4LC16M1A1 

DRAM 

1-73 

4(L)C1M16C3 

Wide DRAM 

2-229 

4(L)C1M16C3 S 

Wide DRAM 

2-251 

4(L)C1M16C5 

Wide DRAM 

2-229 

4(L)C1M16C5 S 

Wide DRAM 

2-251 

4(L)C1M16C6 

Wide DRAM 

2-229 

4(L)C1M16C6 S 

Wide DRAM 

2-251 

4(L)C1M16C7 

Wide DRAM 

2-229 

4(L)C1M16C7S 

Wide DRAM 

2-251 

4(L)C2M8A1 

Wide DRAM 

2-31 

4(L)C2M8A2 

Wide DRAM 

2-31 

4(L)C2M8B1 

Wide DRAM 

2-47 

4(L)C2M8B2 

Wide DRAM 

2-47 

4(L)C2M8A1 S 

Wide DRAM 

2-63 

4(L)C2M8A2 S 

Wide DRAM 

2-63 

4(L)C2M8B1 S 

Wide DRAM 

2-81 

4(L)C2M8B2S 

Wide DRAM 

2-81 

4LC4M4A1 

DRAM 

1-195 

4LC4M4B1 

DRAM 

1-195 

6D118 

DRAM Modules 

3-209 

8D132 

DRAM Modules 

3-145 

8D168 

DRAM Modules 

3-51 

8D18 

DRAM Modules 

3-21 

8D25632 

DRAM Modules 

3-121 

8D432 

DRAM Modules 

3-169 

8D48 


3-41 

8D88C132 

IC DRAM Cards 

4-33 

8D88C25632 

IC DRAM Cards 

4-1 

9D136 

DRAM Modules 

3-239 

9D169 

DRAM Modules 

3-111 

9D19 

DRAM Modules 

3-81 

9D25636 

DRAM Modules 

3-189 

9D49 

DRAM Modules 

3-101 
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DRAM PRODUCT SELECTION GUIDE 


Memory 

Optional 

Part 

Access 

Typical Power Dissipation 

Package and Number of Pins 


Configuration 

Access Cycle 

Number 

Time (ns) 

Standby 

Active 

PDIP 

ZIP 

SOJ 

TSOP 

Page 

1 Meg x 1 

FP 

MT4C1024 

60, 70, 80 

3mW 

175mW 

18 

20 

20 

20 

l-l 

1 Meg x 1 

FP, LP 

MT4C1024 L 

70, 80, 100 

0.3mW 

150mW 

18 

20 

20 

20 

1-13 

1 Meg x 1 

SC 

MT4C1026 

70, 80 

3mW 

175mW 

18 

20 

20 


1-25 

4 Meg x 1 

FP 

MT4C1004J 

60, 70, 80 

3mW 

225mW 

- 

20 

20 

20 

1-37 

4 Meg x 1 

FP, LP 

MT4C1004J L 

60, 70, 80 

ImW 

225mW 

- 

20 

20 

20 

1-49 

4 Meg x 1 

SC 

MT4C1006J 

70, 80 

3mW 

225mW 

- 

20 

20 

- 

1-61 

16 Meg x 1 

FP, 4KR 

MT4C16M1A1 

60, 70, 80 

3mW 

325mW 

- 

- 

24 

24 

1-73 

1 6 Meg x 1 

FP, 4KR, LV 

MT4LC16M1A1 

60, 70, 80 

ImW 

125mW 

- 

- 

24 

24 

1-73 

1 6 Meg x 1 

SC, 4KR 

MT4C16M1D1 

60, 70, 80 

3mW 

330mW 

- 

- 

24 

- , 

1-85 

256K x 4 

FP 

MT4C4256 

60, 70, 80 

3mW 

175mW 

20 

20 

20 

20 

1-87 

256K x 4 

FP, LP 

MT4C4256 L 

70, 80, 100 

0.3mW 

150mW 

20 

20 

20 

20 

1-97 

256K x 4 

FP, LP, LV 

MT4C4256 VL 

100, 120 

0.1 mW 

lOOmW 

- 

20 

20 

20 

1-109 

256K x 4 

SC 

MT4C4258 

70, 80,100 

3mW 

1 75mW 

20 

20 

20 

- 

1-121 

1 Megx4 

FP 

MT4C4001J 

60,70, 80 

3mW 

225mW 

- 

20 

20 

20 

1-133 

1 Meg x 4 

FP, LP 

MT4C4001 J L 

60, 70, 80 

ImW 

225mW 

- 

20 

20 

20 

1-145 

1 Meg x 4 

SC 

MT4C4003J 

70, 80 

3mW 

225mW 

- 

20 

20 

- 

1-157 

1 Megx4 

FP, QCP 

MT4C4004J 

70, 80, 100 

3mW 

225mW 

- 

- 

24 


1-169 

4 Meg x 4 

FP, 4KR 

MT4C4M4A1 

60, 70, 80 

3mW 

325mW 

- 

- 

24 

24 

| 1-183 

4 Meg x 4 

FP, 2KR 

MT4C4M4B1 

60, 70, 80 

3mW 

400mW 

- 

- 

24 

24 

1-183 

4 Meg x 4 

FP, 4KR, LV 

MT4LC4M4A1 

60, 70, 80 

ImW 

125mW 


- 

24 

24 

1-195 

4 Meg x 4 

FP, 2KR, LV 

MT4LC4M4B1 

60, 70, 80 

ImW 

175mW 

- 

- 

24 

24 

1-195 

4 Meg x 4 

SC, 4KR 

MT4C4M4D1 

60, 70, 80 

3mW 

325mW 

- 

- 

24 

- 

1-207 


FP = Fast Page Mode, SC = Static Column Mode, LP = Low Power, Extended Refresh; QCP = Quad CAS Parity, 
LV = Low Voltage, 2KR = 2,048 Row Refresh, 4KR = 4,096 Row Refresh 
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WIDE DRAM PRODUCT SELECTION GUIDE 


Memory 

Optional 

Part 

Access 

Typical Power Dissipation 

Package/Number of Pins 


Configuration 

Access Cycle 

Number* 

Time (ns) 

Standby 

Active 

ZIP 

SOJ 

TS0P 

Page 

51 2K x 8 

FP 

MT4C8512 

70, 80, 100 

3mW 

350mW 

28 

28 

28 

2-1 

512K x 8 

FP, WPB 

MT4C8513 

70, 80, 100 

3mW 

350mW 

28 

28 

28 

2-1 

512K x 8 

FP, LP 

MT4C8512 L 

70, 80, 100 

1 mW 

350mW 

28 

28 

28 

2-15 

512K x 8 

FP, WPB, LP 

MT4C8513 L 

70, 80, 100 

ImW 

350mW 

28 

28 

28 

2-15 

2 Meg x 8 

FP, 4KR 

MT4(L)C2M8A1 

60, 70, 80 

5mW 

400mW 

- 

28, 32 

28, 32 

2-31 

2 Meg x 8 

FP, 4KR, WPB 

MT4(L)C2M8A2 

60, 70, 80 

5mW 

400mW 

- 

28, 32 

28, 32 

2-31 

2 Meg x 8 

FP, 2KR 

MT4(L)C2M8B1 

60, 70, 80 

5mW 

400m W 

- 

28, 32 

28, 32 

2-47 

2 Meg x 8 

FP, 2KR, WPB 

MT4(L)C2M8B2 

60, 70, 80 

5mW 

400mW 

- 

28, 32 

28, 32 

2-47 

2 Meg x 8 

FP, 4KR, S, LP 

MT4(L)C2M8A1 S 

60, 70, 80 

2mW 

400mW 

- 

28, 32 

28, 32 

2-63 

2 Meg x 8 

FP, 4KR, WPB, S, LP 

MT4(L)C2M8A2 S 

60, 70, 80 

2mW 

400mW 

- 

28, 32 

28, 32 

2-63 

2 Meg x 8 

FP,2KR, S, LP 

MT4(L)C2M8B1 S 

60, 70, 80 

2mW 

400mW 

- 

28, 32 

28,32 

2-81 

2 Meg x 8 

FP, 2KR, WPB, S, LP 

MT4(L)C2M8B2 S 

60,70,80 

2mW 

400mW 

- 

28,32 

28, 32 

2-81 

64K x 1 6 

FP, DW 

MT4C1664 

70, 80,100 

3mW 

225mW 

40 

40 

40 

2-99 

64Kx 16 

FP, WPB 

MT4C1665 

70,80,100 

3mW 

225mW 

40 

40 

40 

2-99 

64K x 16 

FP, DW, LP 

MT4C1664 L 

70, 80, 100 

ImW 

225mW 

40 

40 

40 

2-115 

64K x 16 

FP, WPB, LP 

MT4C1665 L 

70,80,100 

ImW 

225mW 

40 

40 

40 

2-115 

64K x 1 6 

SC, DW 

MT4C1670 

70,80,100 

3mW 

225mW 

40 

40 

40 

2-133 

64K x 1 6 

SC, WPB 

MT4C1671 

70, 80, 100 

3rhW 

225m W 

40 

40 

40 

2-133 

64K x 1 6 

SC, DW, LP 

MT4C1670 L 

70,80,100 

ImW 

225m W 

40 

40 

40 

2-151 

64K x 1 6 

SC, WPB, LP 

MT4C1671 L 

70, 80, 100 

ImW 

225m W 

40 

40 

40 

2-151 

256K x 1 6 

FP, DW 

MT4C16256 

70, 80, 100 

3m W 

500mW 

40 

40 

40 

2-169 

256Kx 16 

FP, DC 

MT4C16257 

70, 80, 100 

3mW 

500mW 

40 

40 

40 

2-169 

256K x 1 6 

FP, DW, WPB 

MT4C16258 

70, 80, 100 

3mW 

500mW 

40 

40 

40 

2-169 

256Kx 16 

FP, DC, WPB 

MT4C16259 

70,80,100 

3mW 

500mW 

40 

40 

40 

2-169 

256Kx 16 

FP, DW, LP 

MT4C16256L 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-191 

256Kx 16 

FP, DC, LP 

MT4C16257L 

70,80,100 

ImW 

500mW 

40 

40 

40 

2-191 

256K x 16 

FP, DW, WPB, LP 

MT4C16258 L 

70,80,100 

ImW 

500mW 

40 

40 , 

40 

2-191 

256K x 1 6 

FP, DC, WPB, LP 

MT4C16259L 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-191 

256K x 1 6 

FP, ASY, DW 

MT4C16260 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-213 

256K x 1 6 

FP, WPB, ASY 

MT4C16261 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-213 

1 Meg x 16 

FP, DC 

MT4(L)C1M16C3 

60, 70, 80 

5mW 

500mW 

' 

42 

44 

2-229 

1 Meg x 16 

FP, DW 

MT4(L)C1M16C5 

60, 70, 80 

5mW 

500mW 


42 

44 

2-229 

1 Meg x 16 

FP, DC, WPB 

MT4(L)C1M16C6 

60, 70, 80 

5mW 

500mW 

- 

42 

44 

2-229 

1 Meg x 16 

FP, DW, WPB 

MT4(L)C1M16C7 

60, 70, 80 

5mW 

500mW 

- 

42 

44 

2-229 

1 Meg x 16 

FP, DC, S, LP 

MT4(L)C1M16C3 S 

60, 70, 80 

2mW 

500mW 

- 

42 

44 

2-251 

1 Meg x 16 

FP, DW, S, LP 

MT4(L)C1M16C5 S 

60, 70, 80 

2mW 

500mW 

- 

42 

44 

2-251 

1 Meg x 16 

FP, DC, WPB, S, LP 

MT4(L)C1M16C6 S 

60, 70, 80 

2mW 

500mW 

- 

42 

44 

2-251 

1 Meg x 16 

FP, DW, WPB, S, LP 

MT4(L)C1M16C7 S 

60, 70, 80 

2mW 

500m W 

- 

42 

44 

2-251 


FP = Fast Page Mode, SC = Static Column, LP = Low Power, Extended Refresh; WPB = Write Per Bit, DW = Dual WE, DC = Dual CAS, 

2KR = 2,048 Refresh, 4KR = 4,096 Refresh, S = Self Refresh, ASY = Asymmetrical Addressing 

*(L)C means device is available in both 5V Vcc (MT4CXXXXX) and 3/3.3V Vcc (MT4LCXXXXX) versions 


PREFACE 
REV. 4/92 


xxii 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





MICRON 

I TECHNOLOGY. INC. 


PREFACE 
PRODUCT SELECTION 


DRAM MODULE PRODUCT SELECTION GUIDE 


Memory 

Part 

Optional 

Access 

Power Dissipation 

Package 


Configuration 

Number 

Access Cycle 

Time (ns) 

Standby 

Active 

SIMM 

SIP 

Page 

256 K x 8 

MT2D2568 

LP, LV* 

60, 70, 80 

6mW 

350mW 

30 

30 

3-1 

1 Meg x 8 

MT2D18 

LP, LV* 

60, 70, 80 

6mW 

450mW 

30 

30 

3-11 

1 Meg x 8 

MT8D18 

LP 

60, 70, 80 

24mW 

1 ,400mW 

30 

30 

3-21 

4 Meg x 8 

MT2D48 


60, 70, 80 

lOmW 

550mW 

30 

30 

3-31 

4 Meg x 8 

MT8D48 

LP 

60,70,80 

24mW 

1 ,800mW 

30 

30 

3-41 

16 Meg x 8 

MT8D168 


60, 70, 80 

24mW 

2, 200m W 

30 

30 

3-51 

256K x 9 

MT3D2569 

LP 

60, 70, 80 

9mW 

625mW 

30 

30 

3-61 

1 Meg x 9 

MT3D19 

LP 

60, 70, 80 

9mW 

625mW 

30 

30 

3-71 

1 Meg x 9 

MT9D19 

LP 

60, 70, 80 

27mW 

1 ,575mW 

30 

30 

3-81 

4 Meg x 9 

MT3D49 


60, 70, 80 

12mW 

775mW 

30 

30 

3-91 

4 Meg x 9 

MT9D49 

LP 

60,70,80 

27m W 

2,025mW 

30 

30 

3-101 

16 Meg x 9 

MT9D169 


60,70,80 

27m W 

2,475mW 

30 

30 

3-111 

512Kx 16 

MT8D25632 

LP, LV* 

60, 70, 80 

24mW 

1 ,400mW 

72 

- 

3-121 

1 Meg x 1 6 

MT16D51232 

LP, LV* 

60, 70, 80 

48mW 

2,800mW 

72 

- 

3-133 

2 Meg x 16 

MT8D132 

LP, LV* 

60,70,80 

24mW 

1 ,800mW 

72 

- 

3-145 

4 Meg x 16 

MT16D232 

LP, LV* 

60,70,80 

48mW 

1 ,824mW 

72 

- 

3-157 

8 Meg x 16 

MT8D432 


60, 70, 80 

40mW 

2,200mW 

72 

- 

3-169 

1 6 Meg x 1 6 

MT16D832 


60, 70, 80 

80mW 

2,240mW 

72 

- 

3-179 

512Kx 18 

MT 1 0D25636 


60, 70, 80 

30mW 

1 ,750mW 

72 

- 

3-199 

1 Meg x 1 8 

MT6D118 


60, 70, 80 

18mW 

1 ,250mW 

72 


3-209 

1 Meg x 18 

MT20D51236 


60,70,80 

60mW 

1 ,780mW 

72 

;r 

3-229 

2 Meg x 18 

MT12D136 

LP 

60,70,80 

36mW 

2,500mW 

72 

- 

3-249 

4 Meg x 1 8 

MT24D236 

LP 

60, 70, 80 

72mW 

2,536mW 

72 


3-271 

8 Meg x 18 

MT12D436 


60, 70, 80 

52mW 

3,100mW 

72 

- 

3-283 

16 Meg x 18 

MT24D836 


60, 70, 80 

104mW 

3,152mW 

72 

- 

3-293 

256K x 32 

MT8D25632 

LP, LV* 

60, 70, 80 

24mW 

1 ,400mW 

72 

- 

3-121 

51 2K x 32 

MT16D51232 

LP, LV* 

60, 70, 80 

48mW 

1 ,424mW 

72 

- 

3-133 

1 Meg x 32 

MT8D132 

LP, LV* 

60, 70, 80 

24mW 

1 ,800mW 

72 

- 

3-145 

2 Meg x 32 

MT16D232 

LP, LV* 

60, 70, 80 

48mW 

1 ,824mW 

72 

- 

3-157 

4 Meg x 32 

MT8D432 


60, 70, 80 

40m W 

2,200mW 

72 

- 

3-169 

8 Meg x 32 

MT16D832 


60, 70, 80 

80mW 

2,240mW 

72 

- 

3-179 

256K x 36 

MT9D25636 


60, 70, 80 

27mW 

1,575mW 

72 


3-189 

256K x 36 

MT10D25636 


60, 70, 80 

30mW 

1 ,750mW 

72 


3-199 

51 2K x 36 

MT18D51236 


60,70,80 

54mW 

1 ,600mW 

72 


3-219 

51 2K x 36 

MT20D51 236 


60, 70, 80 

60mW 

1 ,780mW 

72 


3-229 

1 Meg x 36 

MT9D136 


60, 70, 80 

27mW 

2,175mW 

72 


3-239 

1 Meg x 36 

MT12D136 

LP 

60,70,80 

36mW 

2,500mW 

72 


3-249 

2 Meg x 36 

MT18D236 


60, 70, 80 

54mW 

2,052mW 

72 


3-261 

2 Meg x 36 

MT24D236 

LP 

60, 70, 80 

72mW 

2,536mW 

72 


3-271 

4 Meg x 36 

MT12D436 


60, 70, 80 

52mW 

3,100mW 

72 


3-283 

8 Meg x 36 

MT24D836 


60, 70, 80 

104mW 

3,152mW 

72 


3-293 

256K x 40 

MT 1 0D25640 

LP, LV* 

60, 70, 80 

30mW 

1 ,750mW 

72 

- 

3-303 

51 2K x 40 

MT20D51240 

LP, LV* 

60, 70, 80 

60m W 

1 ,780mW 

72 

- 

3-315 

1 Meg x 40 

MT10D140 

LP, LV* 

60, 70, 80 

30mW 

2, 250m W 

72 

- 

3-327 

2 Meg x 40 

MT20D240 

LP, LV* 

60, 70, 80 

60mW 

2,280mW 

72 

- 

3-339 


LP = Low Power, Extended Refresh; LV = Low Voltage 

NOTE: All modules include FAST PAGE MODE cycle. *Contact factory regarding availability of low voltage versions. 
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PREFACE 
PRODUCT SELECTION 


1C DRAM CARD SELECTION GUIDE 


Memory 

Configuration 

Part 

Number 

Access 

Time (ns) 

Number of Pins 

Page 

Card 

512K x 16 

1 Megabyte 

MT8D88C25632 

60, 70, 80 

88 

4-1 

1 Meg x 1 6 

2 Megabytes 

MT 1 6D88C51 232 

60, 70, 80 

88 

4-17 

2 Meg x 1 6 

4 Megabytes 

MT8D88C132 

60, 70, 80 

88 

4-33 

4 Meg x 16 

8 Megabytes 

MT 1 6D88C232 

60, 70, 80 

88 

4-49 

512K x 18 

1 Megabyte 

MT 1 2D88C25636 

60, 70, 80 

88 

4-65 

1 Meg x 1 8 

2 Megabytes 

MT24D88C51 236 

60, 70, 80 

88 

4-79 

2 Meg x 1 8 

4 Megabytes 

MT12D88C136 

60, 70, 80 

88 

4-93 

4 Meg x 1 8 

8 Megabytes 

MT24D88G236 

60, 70, 80 

88 

4-107 

51 2K x 20 

1 Megabyte 

MT 1 2D88C25640 

60, 70, 80 

88 

4-121 

1 Meg x 20 

2 Megabytes 

MT24D88C51 240 

60, 70, 80 

88 

4-137 

2 Meg x 20 

4 Megabytes 

MT12D88C140 

60, 70, 80 

88 

4-153 

4 Meg x 20 

8 Megabytes 

MT24D88C240 

60, 70, 80 

88 

4-169 

256K x 32 

1 Megabyte 

MT8D88C25632 

60, 70, 80 

88 

4-1 

51 2K x 32 

2 Megabytes 

MT16D88C51232 

60, 70, 80 

88 

4-17 

1 Meg x 32 

4 Megabytes 

MT8D88C1 32 

60, 70, 80 

88 

4-33 

2 Meg x 32 

8 Megabytes 

MT 1 6D88C232 

60, 70, 80 

88 

4-49 

256K x 36 

1 Megabyte 

MT 1 2D88C25636 

60, 70, 80 

88 

4-65 

512K x 36 

2 Megabytes 

MT24D88C51 236 

60, 70, 80 

88 

4-79 

1 Meg x 36 

4 Megabytes 

MT12D88C136 

60, 70, 80 

88 

4-93 

2 Meg x 36 

8 Megabytes 

MT24D88C236 

60,70,80 

88 

4-107 

256K x 40 

1 Megabyte 

MT 1 2D88C25640 

60, 70, 80 

88 

4-121 

512K X 40 

2 Megabytes 

MT24D88C51240 

60, 70, 80 

88 

4-137 

1 Meg x 40 

4 Megabytes 

MT12D88C140 

60, 70, 80 

88 

4-153 

2 Meg x 40 

8 Megabytes 

MT24D88C240 

60, 70, 80 

88 

4-169 
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PREFACE 
PRODUCT SELECTION 


DUAL PORT DRAM (VRAM) PRODUCT SELECTION GUIDE 


Memory 

Access 

Part 

Access 

Power Dissipation 

Package and Number of Pins 


Configuration 

Cycle 

Number 

Time (ns) 

Standby 

Active 

SOJ 

SOG 

TSOP 

ZIP 

Page 

256K x 4 

FP 

MT42C4255 

80, 100 

15mW 

275mW 

28 

- 

- 

28 

5-1 ' 

256K x 4 

FP, BW, LP 

MT42C4256 

70, 80, 100 

15mW 

275mW 

28 

- 

- 

28 

5-3 

128K x 8 

FP 

MT42C8127 

80, 100 

15mW 

275mW 

40 

- 

- 

- 

5-39 

128K x 8 

FP, BW, LP 

MT42C8128 

70, 80, 100 

15m W 

275mW 

40 

- 

40/44 

- 

5-41 

256K x 8 

FP, BW 

MT42C8255 

70, 80 

lOmW 

300mW 

40 

- 

40/44 

- 

5-79 

256K x 8 

FP, BW 

MT42C8256 

70, 80 

lOmW 

300mW 

40 


40/44 

- 

5-111 

256K x 1 6 

FP, BW 

MT42C256K1 6A1 

60, 70, 80 

lOmW 

350mW 

- 

64 

- 

- 

5-153 


FP = Fast Page Mode, BW = Block Write, LP = Low Power, Extended Refresh 


TRIPLE PORT DRAM PRODUCT SELECTION GUIDE 


Memory 

Access 

Part 

Access 

Power Dissipation 

Package/Number of Pins 


Configuration 

Cycle 

Number 

Time (ns) 

Standby 

Active 

SOJ 

SOG 

TSOP 

PLCC 

Page 

256K x 4 

FP, BW, QSF pin 

MT43C4257 

80, 100 

15mW 

500mW 

40 

- 

40/44 

- 

5-155 

256K x 4 

FP, BW, SSF pin 

MT43C4258 

80, 100 

15mW 

500mW 

40 

- 

40/44 

- 

5-155 

128K x 8 

FP, BW, QSF pin 

MT43C8128 

80, 100 

15mW 

550mW 

- 

- 

- 

52 

5-201 

128K x 8 

FP, BW, SSF pin 

MT43C8129 

80,100 

15mW 

550mW 

- 

- 


52 

5-201 

256K x 8 

FP, BW 

MT43C256K8A1 

60, 70, 80 

15mW 

400mW 

- 

64 

- 

- 

5-247 


FP = Fast Page Mode, BW = Block Write 
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PREFACE 
PRODUCT SELECTION 


APPLICATION/TECHNICAL NOTE SELECTION GUIDE 


Technical Note 

Title 

Page 

TN-00-01 

Moisture Absorption in Plastic Packages 

6-1 

TN-00-02 

Micron Tape and Reel Procedures 

6-3 

TN-04-01 

DRAM Power-Up and Refresh Constraints 

6-9 

TN-04-02 

MT4C1664 and MT4C1665 Compatibilities 

6-11 

TN -04-03 

MT4C1664: 256 Kilobyte Memory System with Four RAS Lines 

6-13 

TN-04-04 

MT4C1664: 256 Kilobyte Memory System with Four CAS Lines 

6-15 

TN -04-06 

DRAM OE Controlled/LATE-WRITE Cycles 

6-17 

TN-04-08 

DRAM Timing Parameters 

6-19 

TN-04-09 

LPDRAM BBU Current vs. RAS Active Time (1 Meg) 

6-21 

TN-04-12 

LPDRAM BBU Current vs. RAS Active Time (4 Meg) 

6-23 

TN-04-14 

Low Voltage (3V) DRAM Design Issues 

6-25 

TN-43-01 

MT 43C4257/MT 43C4258 Comparison 

6-27 

TN-88-01 

88-Pin 1C DRAM Cards 

6-29 

AN-04-01 

Chips & Technologies’ 82C456 VGA Controller Using MT4C1664 

6-35 
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MICRON 

■ IFCHNOLOGY. INC 


IF CM NO LOGY, 


DYNAMIC RAMS 


WIDE DRAMS 


1C DRAM CARDS 


MULTIPORT DRAMS 





DRAM PRODUCT SELECTION GUIDE 


Memory 

Optional 

Part 

Access 

Typical Power Dissipation 

Package and Number of Pins 


Configuration 

Access Cycle 

Number 

Time (ns) 

Standby 

Active 

PDIP 

ZIP 

SOJ 

TSOP 

Page 

1 Meg x 1 

FP 

MT4C1024 

60, 70, 80 

3mW 

175mW 

18 

20 

20 

20 

1-1 

1 Meg x 1 

FP, LP 

MT4C1024 L 

70, 80, 100 

0.3mW 

150mW 

18 

20 

20 

20 

1-13 

1 Meg x 1 

SC 

MT4C1026 

70, 80 

3mW 

175mW 

18 

20 

20 

- 

1-25 

4 Meg x 1 

FP 

MT4C1004J 

60, 70, 80 

3mW 

225mW 

- 

20 

20 

20 

1-37 

4 Meg x 1 

FP, LP 

MT4C1004J L 

60, 70, 80 

ImW 

225mW 

- 

20 

20 

20 

1-49 

4 Meg x 1 

SC 

MT4C1006J 

70, 80 

3mW 

225mW 

- 

20 

20 

- 

1-61 

16 Meg x 1 

FP, 4KR 

MT4C16M1A1 

60, 70, 80 

3mW 

325mW 

- 

- 

24 

24 

1-73 

16 Meg x 1 

FP, 4KR, LV 

MT4LC16M1A1 

60, 70, 80 

ImW 

125mW 

- 

- 

24 

24 

1-73 

1 6 Meg x 1 

SC, 4KR 

MT4C16M1D1 

60, 70, 80 

3mW 

330mW 

- 

- 

24 

- 

1-85 

256K x 4 

FP 

MT4C4256 

60,70,80 

3mW 

175mW 

20 

20 

20 

20 

1-87 

256K x 4 

FP, LP 

MT4C4256 L 

70, 80, 100 

0.3mW 

150mW 

20 

20 

20 

20 

1-97 

256K x 4 

FP, LP, LV 

MT4C4256 VL 

100, 120 

0.1 mW 

lOOmW 

- 

20 

20 

20 

1-109 

256K x 4 

SC 

MT4C4258 

70, 80 ,100 

3mW 

175mW 

20 

20 

20 

- 

1-121 

1 Meg x 4 

FP 

MT4C4001 J 

60, 70, 80 

3mW 

225mW 

- 

20 

20 

20 

1-133 

1 Meg x 4 

FP, LP 

MT4C4001 J L 

60, 70, 80 

ImW 

225mW 

- 

20 

20 

20 

1-145 

1Megx4 

SC 

MT4C4003J 

70, 80 

3m W 

225mW 

- 

20 

20 

. j 

' ' 1 

1-157 

1 Meg x 4 

FP, QCP 

MT4C4004J 

70, 80, 100 ! 

3mW 

225mW 

- 

- 

24 


1-169 

4 Meg x 4 

FP, 4KR 

MT4C4M4A1 

60, 70, 80 

3mW 

325mW 

- 

- 

24 

24 

1-183 

4 Meg x 4 

FP, 2KR 

MT4C4M4B1 

60,70,80 

3mW 

400mW 

- 

- 

24 

24 j 

1-183 

4 Meg x 4 

FP, 4KR, LV 

MT4LC4M4A1 

60,70,80 

ImW 

125mW 


- 

24 

24 

1-195 

4 Meg x 4 

FP, 2KR, LV 

MT4LC4M4B1 

60,70,80 

ImW 

175mW 


- 

24 

24 

1-195 

4 Meg x 4 

SC, 4KR 

MT4C4M4D1 

60,70,80 

3mW 

325mW 

" 

- 

24 


1-207 


FP = Fast Page Mode, SC = Static Column Mode, LP = Low Power, Extended Refresh; QCP = Quad CAS Parity, 
LV = Low Voltage, 2KR = 2,048 Row Refresh, 4KR = 4,096 Row Refresh 





MICRON 

■ TECHNOLOGY, INC. 


MT4C1024 
1 MEG x 1 DRAM 


DRAM 1 MEG xl DRAM ■ 

FAST PAGE MODE 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

- 6 

- 7 

- 8 


• Packages 

Plastic DIP (300 mil) None 

Plastic ZIP (350 mil) Z 

Plastic SOJ (300 mil) DJ 

Plastic TSOP (300 mil)*** TG 


NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (0°C to +70°C) None 

Industrial (-40°C to +85°C) IT 


GENERAL DESCRIPTION 

The MT4C1024 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a xl configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0 -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the o utput p in, dat a out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 


PIN ASSIGNMENT (Top View) 


18-Pin DIP 

(N-1) 


20-Pin ZIP 

( 0 - 1 ) 



*A9 1 
Q 3 

D 5 

RAS 7 
NC 9 
AO 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


2 

CAS 

4 

Vss 

6 

WE 

8 

TF“ 

10 

NC 

12 

A1 

14 

A3 

16 

A4 

18 

A6 

20 

A8 


20-Pin SOJ 

(CM) 



20-Pin TSOP 

(R-1) 



‘Address not used for RAS-ONLY refresh 

“TF = Test Function, Vin must not exceed Vcc+1 V for normal operation 
“‘Consult factory on availability of reverse pinout TSOP packages 


retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-inby RAS followed by a column a ddress strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 
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DRAM 





DRAM 



MT4C1024 
1 MEG x 1 DRAM 


■ Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 


(READ, WRITE, RAS-ONLY, C AS-BEFORE-RAS (CBR) , or 
HIDDEN refresh) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 8ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 


WE o 
CAS o 



■o D 


■o Q 


oc 



_ LU 

£ o 


MEMORY 

oo 

DC O 

LU 

Q 

512 

ARRAY 




i— ► 



o Vcc 
o Vss 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 
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TRUTH TABLE 


FUNCTION 

RA$ 

T3RT 

wr 

ADDRESSES 

DATA 

*R 

'c 

D (Data In) 

Q (Data Out) 

Standby 

H 

H-X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-L 




Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

MEM 





Data Out 

2nd Cycle 

L 

MEM 

H 

n/a 

|jJ9 

msm 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

MEM 

mm 


139 


9EHE9H 

2nd Cycle 

L 

msbm 

■■ 

|f-?j| 




FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

ROW 

COL 


dESEEEBI 

2nd Cycle 

L 

H— L 

H-L 

n/a 


Data In 

Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 


Don’t Pare 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

1 

H 

ROW 

COL 

Don’t Care 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 




CAS-BEFORE-RAS REFRESH 

H— L 

L 

X 

X 

X 

Don’t Care 

High-Z 
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1 MEG x 1 DRAM 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) ...0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 600mW 

Soldering Temperature (Soldering 10 Seconds) 260°C 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 

■ 

OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = { RC (MIN)) 

ICC3 

90 

80 

70 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: 'PC = ! PC (MIN)) 

ICC4 

70 

60 

50 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS = Vih: *RC = l RC (MIN)) 

ICC5 

90 

80 

70 

mA 

3 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = ! RC (MIN)) 

ICC6 

90 

80 J 

70 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9, D 

Cm 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

PF 

2 

Output Capacitance: Q 

Co 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5.0V ±10%) 


AC CHARACTERISTICS 



-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*rwc 

135 


155 


175 


ns 


FAST-PAGE-MODE READ 
or WRITE cycle time 

tpc 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

l PRWC 

60 


65 


70 


ns 


Access time from RAS 

*rac 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

15 

Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

t RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'HASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

>RSH 

20 


20 


20 


ns 


RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

! cpn 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

45 


55 


60 


ns 


Column address to 

RAS lead time 

t RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'\NCS 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5V ±1 0%) 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled.Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that 4 RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that ‘RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a 


new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ^PN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
t RAC (MIN) and *CAC (MIN) can be met. *RAD 
(MAX) is specified as a reference point only; if *RAD 
is greater than the specified ^RAD (MAX) limit, then 
access time is controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. HVCS, *RWD, *AWD and *CWD are restrictive 
operating parameters. If 4 WCS > *WCS (MIN), the 
cycle is an EARLY-WRITE cycle and the data output 
will remain an open circuit throughout the entire 
cycle. If *RWD > *RWD (MIN), *AWD > *AWD (MIN) 
and *CWD >*CWD (MIN), the cycle is a READ- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of Q is indeterminate (at access time and until 
CAS goes back to Vih). 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 



a 

33 

> 
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MT4C1024 
1 MEG x 1 DRAM 






FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



*‘PG is for LATE-WRITE only. undefined 
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TER5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; A9 and WE = DON’T CARE) 



CaS-before-WAS refresh cycle 

(A0-A9 and WE = DON’T CARE) 




HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 


(READ) (REFRESH) 



J/J) DON’T CARE 
UNDEFINED 
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MT4C1024 L 
1 MEG x 1 DRAM 


DRAM 

1 MEG x 1 DRAM 


LOW POWER, 

EXTENDED REFRESH 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, .3mW standby; 150mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Optional FAST PAGE MOD E acce ss cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• 512-cycle extended refresh in 64ms 

• Low CMOS STANDBY CURRENT, 200jiA maximum 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 

• Packages 

Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil)*** 
Plastic ZIP (350 mil) 


MARKING 

- 7 

- 8 
-10 

None 

DJ 

TG 

Z 


NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 
Commercial (0°C to +70°C) None 

Industrial (-40°C to +85°C) IT 


• Part Number Example: MT4C1024DJ-7 L 


GENERAL DESCRIPTION 

The MT4C1024 L is a randomly accessed solid-state 
memory containing 1 ,048,576 bits organized in a xl configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latt er 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a W R ITE cy cle, data in (D) is latch ed by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin, data out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 


PIN ASSIGNMENT (Top View) 


18-Pin DIP 

(N-1) 


20-Pin ZIP 

( 0 - 1 ) 



*A9 1 
Q 3 

D 5 

RAS 7 
NC 9 
A0 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


2 GAS 
4 Vss 
6 WE 
8 TF“ 
10 NC 
12 A1 
14 A3 
16 A4 
18 A6 
20 A8 


20-Pin SOJ 20-Pin TSOP 

(CM) (R-1) 


D C 
WE [ 
RAS L 
**TF C 
NC C 


26 3 Vss 

25 3 Q 

24 ] CAS 
23 3 NC 
22 3 A9* 


18 3 A8 
17 3 A7 
16 3 A6 
15 3 A5 


1 26 

2 25 

3 24 

4 23 

5 22 


9 18 

10 17 

11 16 

12 15 

13 14 


‘Address not used for RAS-ONLY refresh 

**TF = Test Function, Vin must not exceed Vcc+IV for normal operation 
“‘Consult factory on availability of reverse pinout TSOP packages 


retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RA S followed by a column a ddress strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 
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MT4C1024 L 
1 MEG x 1 DRAM 


Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 


(READ, WRITE, RAS-ONLY, C AS-BEFORE-RAS (CBR) , or 
HIDDEN refresh) so that all 512 combinations of RAS ad- 
dresses ( A0-A8) are executed at least every 64ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 


FUNCTIONAL BLOCK DIAGRAM 

LOW POWER, FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 
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TRUTH TABLE 


FUNCTION 

RAS 

■ 

CAS 

WE" 

ADDRESSES 

DATA 


*c 

D (Data In) 

D (Data Out) 

Standby 

H 

H-X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Data In 

Data Out 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 




Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 



Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1st Cycle 

L 

H-L 

L 




High-Z 

2nd Cycle 

L 

H-L 

L 


■asg 


High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H— L 

H-L 

ROW 

COL 

Data In 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

Data In 

Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

High-Z 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

Don’t Care 

High-Z 

BATTERY BACKUP REFRESH 

H— L 

L 

X 

X 

X 

Don’t Care 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 600mW 

Soldering Temperature (Soldering 10 Seconds) 260°C 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

h 

-2 

2 

fiA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

mA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

jiA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Single Address Cycling: { RC = *RC (MIN)) 

ICC3 

75 

65 

60 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: *PC = *PC (MIN)) 

ICC4 

55 

45 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS = Vih: ‘RC = *RC (MIN)) 

ICC5 

75 

65 

60 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = l RC (MIN)) 

ICC6 

75 

65 

60 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = X RAS (MIN) to 

1[is; WE, A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), X RC = 1 25jxs (51 2 rows at 1 25jas = 64ms) 

ICC7 

200 

200 

200 ! 

pA 

3, 5, 

7, 24 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9, D 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

pF 

2 

Output Capacitance: Q 

Co 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1, 12, 13) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 



150 


180 


ns 


READ-WRITE cycle time 

'RWC 

155 


175 


205 


ns 


FAST-PAGE-MODE READ 
or WRITE cycle time 

'PC 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

tPRWC 

65 


70 


85 


ns 


Access time from RAS 

*RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Access time from column address 

*AA 


35 


40 


50 

ns 


Access time from CAS precharge 

X CPA 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 


20 


20 


25 


ns 




50 


60 


70 





'CAS 

20 

100,000 

20 

100,000 


IQB 

ns 


CAS hold time 


70 


80 


100 


ns 


CAS precharge time 


10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 , 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 




ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


RAS to column- 
address delay time 

'RAD 

15 

35 









0 


0 


0 


ns 


Column address hold time 

*CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

*RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'\NCS 

0 


0 


0 


ns 

21 
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1 MEG x 1 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 

-io . 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

<WCR 

55 


60 


75 


ns 


Write command pulse width 

<WP 

15 


15 


20 


ns 


Write command to RAS lead time 

! rwl 

20 


20 


25 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

22 

Data-in hold time 


15 


15 


20 



22 

Data-in hold time 
(referenced to RAS) 

l DHR 

55 






K9 


RAS to WE delay time 

*RWD 

70 


hesih 


100 


ns 

21 

Column address 
to WE delay time 

•awd 

35 


m 



■ 

Hi 


CAS to WE delay time 

*CWD 

20 


20 


25 



21 

Transition time (rise or fall) 


3 

50 

3 


3 

50 

ns 

9, 10 

Refresh period (51 2 cycles) 

'REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

tCHR 

15 


15 


15 


ns 

5 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a 
new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 


17. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified ‘RCD (MAX) limit, then access time is 
controlled exclusively by kCAC. 

18. Operation within the f RAD (MAX) limit ensures that 
*RAC (MIN) and *CAC (MIN) can be met. *RAD 
(MAX) is specified as a reference point only; if t RAD 
is greater than the specified *RAD (MAX) limit, then 
access time is controlled exclusively by *AA. 

19. Either l RCH or *RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. hVCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY-WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD £ *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE- WRITE and the 
state of Q is indeterminate (at access time and until 
CAS goes back to Vih). 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. BBU current is reduced as l RAS is reduced from its 
maximum specification during the BBU cycle. 
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■ DRAM 



FAST-PAGE-MODE EARLY-WRITE CYCLE 


/RAD 
‘ASR ‘RAH 


‘RCD > n ‘CAS 



‘AR ^ 

< ‘ASC > < ‘CAH > 

^ COLUMN ' j^ 

l ‘CWL 

‘WCS ‘WCH 

‘WP 


1 1 ‘WCR 

1 ‘DHR „ 

‘DS I Jdh 


- — *11 

i 

< ‘ asc > 



I ‘CWL 

t ‘WCS, 

1 | 



‘DS ( 

‘dh , 




‘RAL 

< ‘ASC > JCAH^ 

j t COLUMN 
t ‘CWL 

, ‘WCS > ‘WCH 

. ‘WP 


I ‘rwl 

‘DS . | ‘DH . , 




‘CPN i 

_ 




FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



*RWD 


‘RCS ( 


_ *AWD 

J: 

‘CWD-*- | 


COLUMN R /// 

/rwl 1 

JCWL^I 

‘AWP . I ‘WP, 




-mrnm. 

MIMl/, 

mm 

[ VALID DATA J 

\ 

1 

i- — i 

1 ‘aa , j 


I ‘RAC 

m ‘CAC 
‘CLZ !-•- 


*CAC r j ( ‘OFF 

‘CAC , 

JOF^ 

‘CAC 

J 

J 1 VALID 1 

‘CLZ -*-| ■+- 

:6YWV 

£ VALID 5 

‘CLZ 

1 VALID 5 

^5®! data , 

— — wm 

; DATA j 

w/\ 

DATA , 


“PC is for LATE-WRITE only. 


j DON’T CARE 
1 UNDEFINED 
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ESS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; A9 and WE = DON’T CARE) 



CAS-BEFORE-RAS refresh cycle 

(A0-A9 and WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9 and WE = DON’T CARE) 
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DRAM 

1 MEG x 1 DRAM 

STATIC COLUMN 



FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 175m W active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
and HIDDEN 

• Optional STATIC COLUMN access cycle 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 


MARKING 

- 7 

- 8 
-10 


• Packages 

Plastic DIP (300 mil) None 

Plastic SOJ (300 mil) DJ 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

GENERAL DESCRIPTION 

The MT4C1026 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a xl configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. A READ or WR ITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge o f WE o r CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the o utput p in, dat a out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, Q is activated and 
retains the sel ected c ell da ta as long as CA S remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. After the first 


PIN ASSIGNMENT (Top View) 


18-Pin DIP 20-Pin ZIP 

(N-1) (0-1) 


D 

WE 

RAS 

**TF 

AO 

A1 

A2 

A3 

Vcc 


20-Pin SOJ 

(Q-i) 



*A9 
Q 
D 
RAS 
NC 
A0 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


2 CAS 
4 Vss 
6 WE 
8 TF** 
10 NC 
12 A1 
14 A3 
16 A4 
18 A6 
20 A8 


RAS q 3 


26 1 Vss 

25 ] Q 

24 ] CAS 
23 ] NC 
22 ] A9* 


A0 C 9 
A1 C 10 
A2 C 11 
A3 C 12 
Vcc [ 13 


18 3 A8 
17 3 A7 
16 3 A6 
15 3 A5 


‘Address not used for RAS-ONLY REFRESH 

**TF = Test Function, Vin must not exceed Vcc+1 V for normal operation 


read, any column address transition will result i n new data 
out. Unlike the page-mode part, which requires CAS to be 
toggled for each successive P AGE- MODE access, the 
STATIC COLUMN part allows CAS to be left LO W for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and ex ecuting any R AS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR ) or 
HIDDEN refresh) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 8ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 


WE °- 
CAS o- 



I 


o 


DATA IN 
BUFFER 


NO. 2 CLOCK 
GENERATOR 


*EARLY-WRITE 
DETECTION CIRCUIT 


5=0 


DATA OUT 
BUFFER 


-o 


Q 



*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

MS 

CAS 

WE" 

ADDRESSES 

DATA 

*R 

<c 

D (Data In) 

0 (Data Out) 

Standby 

H 

H-X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 





READ-WRITE 

L 

L 

H-L 


B^I8 



STATIC COLUMN 

READ 

1st Cycle 

L 

L 

H 



Don’t Care 

Data Out 

2nd Cycle 

L 

L 

H 

n/a 




STATIC COLUMN 

EARLY-WRITE 

1 st Cycle 

L 

L 

L 


[pip 


High-Z 

2nd Cycle 

■ L 

L 

H-L 

n/a 



High-Z 

STATIC COLUMN 

READ-WRITE 

1 st Cycle 

L 

L 

H->L 



Data In 

Data Out 

2nd Cycle 

L 

L 

H-L 

n/a 


Data In 

Data Out 

RAS-ONLY REFRESH 

L 




n/a 


High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 



Don’t Care 

Data Out 

WRITE 

L-H-L 

L 

L 



Data In 

High-Z 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

Don’t Care 

High-Z 
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MT4C1026 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 600m W 

Soldering Temperature (Soldering 10 Seconds) 260°C 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±10%) 


PARAMETER/C0NDITI0N 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

■ 

2 

- 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

.... 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: *SC = *SC (MIN)) 

ICC4 

60 

50 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS = Vih: 'RC = <RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3,5 
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MICRON 


MT4C1026 
1 MEG x 1 DRAM 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9, D 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

pF 

2 

Output Capacitance: Q 

Co 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

'RWC 

155 


175 


205 


ns 


STATIC-COLUMN READ 

'SC 

40 


45 


55 


ns 


or WRITE cycle time 










STATIC-COLUMN READ-WRITE 

tSRWC 

70 


80 


100 


ns 


cycle time 










Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Access time from column address 

l AA 


35 


40 


50 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

l RASC 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


25 


ns 


RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (STATIC COLUMN) 

<CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


RAS to column 

tRAD ! 

15 

35 

15 

40 

20 

50 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 

*AR 

80 


90 


100 


ns 


(referenced to RAS) 










Column address to 

*RAL 

35 


40 


50 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

'RCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

t RRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

! OFF 

0 

20 

0 

20 

0 

20 

ns 

20 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Column address hold time EARLY- 
WRITE (referenced to RAS) 

'AWR 

55 


60 


70 


ns 


WE command setup time 

1 wcs 

0 


0 


0 


ns 

21 

Write command hold time 

*WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

'WCR 

55 


60 


75 


ns 


Write command pulse width 

*WP 

15 


15 


20 


ns 


Write command to RAS lead time 

t RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

•CWL 

20 


20 


25 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t>HR 

55 


60 


75 


ns 


RAS to WE delay time 

l RWD 

70 


80 


100 


ns 

21 

Column address 
to WE delay time 

*AWD 

35 


40 


50 


ns 

21 

CAS to WE delay time 

*CWD 

20 


20 


25 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

'REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RA5 refresh) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'CHR 

15 


15 


15 


ns 

5 

Write inactive time 

*WI 

10 


10 


10 


ns 


Previous WRITE to column address 
delay time 

*LWAD 

20 

30 

20 

35 

25 

45 

ns 


Previous WRITE to column address 
hold time 

tAHLW 

65 


75 


95 


ns 


Output data hold time from 
column address 

^OH 

5 


5 


5 

■ l 

ns 


Output data enable from WRITE 

•ow 

'AA + 5 


'AA + 5 


'AA + 5 


ns 


Access time from last WRITE 

l ALW 

65 


75 


95 


ns 


Column address hold time 
referenced to RAS HIGH 

l AH 

5 


5 


10 


ns 


CAS pulse width in 
STATIC-COLUMN mode 

'CSC 

'CAS 


'CAS 


'CAS 


ns 


Output data hold from WRITE 

'WOH 

0 


0 


0 


ns 
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MT4C1026 
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■ NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lO Ops is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < tRCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. A ssum es that 4 RCD > *RCD (MAX). _____ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a 


new cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by *CAG 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and *C AC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified t RAD (MAX) limit, then 
access time is controlled exclusively by t AA, 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. HVCS, l RWD, l AWD and l CWD are restrictive 
operating parameters in LATE-WRITE, and READ- 
MODIFY-WRITE cycles only. If HVCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > tRWD (MIN), l AWD > *AWD 
(MIN) and *CWD > tCWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of Q is indeterminate (at access time and until 
CAS goes back to Vih). 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 


MT4C1026 
REV. 4/92 


1-30 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 




fUlICZROIM 


MT4C1026 
1 MEG x 1 DRAM 


READ CYCLE 


1, *RP 




‘AH 

, ; 




| *CSH i 



•CAS 





*RCS 

‘rsh 

' t ‘RRH 





. tCAC . I 

*AA . ( 




EARLY-WRITE CYCLE 


[ *AWR 


t l RCD 



. { asc 

. ,CAH . 

’ 

._J 




ROW 

, ( RAD 
{ CRP . *CSH 


t WCS. , ^CH 
*WP 


I DON’T CARE 
1 UNDEFINED 


Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc 






MICRON 

m TECHNOLOGY. INC. 


MT4C1026 
1 MEG x 1 DRAM 



STATIC-COLUMN READ CYCLE 
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MT4C1026 
1 MEG x 1 DRAM 


STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS Controlled) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(WE Controlled) 



o 

30 

> 



YJA DON’T CARE 
[jjjjjj] UNDEFINED 
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STATIC-COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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MT4C1026 
1 MEG x 1 DRAM 


RA5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; A9 and WE = DON’T CARE) 




a 

jj 

> 


CAS-BEFORE-RAg REFRESH CYCLE 

(A0-A9 and WE = DON’T CARE) 



iRP 

l RAS 

l RP 

>RAS 








ras v'l _ 7 



l \ 


J 

Jrpc 

‘CPN 

1 l CSR 

. ‘CHR . , 


i *CSR 






* 




^ vir -__2 

1 i 




L 



Q Vql O' 1 ™ 


HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 


(READ) (REFRESH) 



MT4C1026 
REV. 4/92 


1-35 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 




DRAM 





MT4C1026 
REV. 4/92 


1-36 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





DRAM 4 MEG x 1 DRAM 


FAST PAGE MODE 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 225m W active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 1,024-cycle refr esh di stribute d acro ss 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Plastic SOJ (300 mil) DJ 

Plastic TSOP (300 mil)** TG 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 

Commercial (0°C to +70°C) None 

Industrial (-40°C to +85°C) IT 

• Part Number Example: MT4C1004JDJ-6 

GENERAL DESCRIPTION 

The MT4C1004J is a randomly accessed solid-state 
memory containing 4, 194,304 bits organized in a xl configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 add ress bits, which are entered 1 1 
bits (A0-A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latt er 11 bits. READ and WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READmode while a logic LOW on WE dictates WRITE mode. 
During a W RITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 



(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (A0-A10) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 


MT4C1004J 
REV. 4/92 


1-37 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 










MT4C1004J 
4 MEG x 1 DRAM 



RAS high time. Memory cell data is retained in its correct 
state by maintaining power and ex ecuting any R AS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 1,024 combinations of RAS 


addresses (A0-A9) are executed at least every 16ms, regard- 
less of sequence. The CBR c ycle w ill invoke the internal 
refresh counter for automatic RAS addressing. 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



O D 


o Q 



^ ► 


DC 

* j * 


_ LU 

^ o 


MEMORY 

o o 
<r o 

1024 

ARRAY 

Q 







-o Vcc 
-o Vss 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 
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TRUTH TABLE 


FUNCTION 

RAf 

CAS 

WE 

ADDRESSES 

DATA 

*R 

*c 

D (Data In) 

Q (Data Out) 

Standby 

H 

H-X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Data In 

Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Don’t Care 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Don’t Care 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

High-Z 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

ROW 

COL 

Data In 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

Data In 

Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

WRITE 

L— H— L 

L 

L 

ROW 

COL 

Data In 

High-Z 

CAS-BEFORE-RAS refresh 

H-L 

L 

H 

X 

X 

Don’t Care 

High-Z 
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MT4C1004J 
4 MEG x 1 DRAM 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss -IV to +7V 

D Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

JU Power Dissipation 1W 

Short Circuit Output Current 50mA 


*Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5 V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 


V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 


mm 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

h 

-2 

■ 


■ 

OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

KB 



OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

•8 



STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

B 

B 



STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

fl 

B 



OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 







OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = *PC (MIN)) 

ICC4 

80 

70 




REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

110 

100 




REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

110 

100 
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MICRON 

■ TECHNOLOGY. INC. 


MT4C1004J 
4 MEG x 1 DRAM 



CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10, D 

Cu 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

pF 

2 

Output Capacitance: Q 

Co 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10. 11, 12, 13) (Vcc = 5V±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 

, 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 



130 


■R39I 




READ-WRITE cycle time 

*RWC 

135 


155 


175 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

60 


65 






Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 





35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RA5 pulse width (FAST PAGE MODE) 

lEEiaa 

60 


70 

100,000 

80 

100,000 

ns 




15 

SB 

20 


20 


ns 



E3I 

40 


50 


60 


ns 


CAS pulse width 

tssm 

tmm 

100,000 

20 


20 

100,000 

ns 


GAS hold time 

*CSH 

60 


70 


80 


ns 



*CPN 

10 


10 


10 



16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

llsM»l 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

’CRP 



10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

esh 

10 


HOI 


10 


ns 


RAS to column 
address delay time 




mm 


15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

ESI 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 


50 




60 

■i 

ns 


Column address to 

RAS lead time 


30 








Read command setup time 

irasai 

0 


0 


0 


■ESI 


Read command hold time 
(referenced to CAS) 


0 


0 


0 

1 

. ,.| 

El 

19 

Read command hold time 
(referenced to RAS) 

m 



0 


0 

" ■ '■ J 

ns 

19 

CAS to output in Low-Z 

BE 3 

0 


0 


0 




Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'wcs 

0 


0 


0 


ns 

21 
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MT4C1004J 
4 MEG x 1 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11,12, 13) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

H/VCH 

10 


15 


15 


ns 


Write command hold time 

<WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

: 

> 

10 


15 


15 


ns 


Write command to RAS lead time 

'RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

>CWL 

15 


20 


20 


ns 


Data-in setup time 

>DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

10 


15 


15 


ns 

22 

Data-in hold time 

*DHR 

45 


55 


60 


ns 


(referenced to RAS) 










RAS to WE delay time 

l RWD 

60 


70 


80 


ns 

21 

Column address 

*AWD 

30 


35 


40 


ns 

21 

to WE delay time 










CAS to WE delay time 

l C\ND 

15 


15 


20 


ns 

21 

Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

9,10 

Refresh period (1024 cycles) 

»REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAC refresh) 

. ■ 









CAS hold time 

l CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

X \NRH 

10 


10 


10 


ns 

24,25 

(CAS-BEFORE-RAS refresh) 

■ 









WE setup time 

*WRP 

10 


10 


10 


ns 

24, 25 

(CA5-BEF0RE-RAS refresh) 



, 


I 





WE hold time 

*WTH 

10 


10 

! 

10 


ns 

24, 25 

(WCBR test cycle) 







. 

■ i 



WE setup time 

tWTS 

10 


10 


10 


ns 

24, 25 

(WCBR test cycle) 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of IOOjlis is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). __ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 


17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the 4 RAD (MAX) limit ensures that 
tRAC (MIN) and *CAC (MIN) can be met. *RAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, tAWD and *CWD are restrictive 
operating parameters in LATE- WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If tWCS > 
tWCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle. If *RWD > t RWD (MIN), *AWD > 
*AWD (MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE- WRITE and the 
state of Q is indeterminate (at access time and until 
CAS goes back to Vih). 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ- WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. hVTS and *WTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of hVRP and *WRH in the 
CBR refresh cycle. 

25. JEDEC test mode only. 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A9; A10 and WE = DON'T CARE) 



tR AS 

tR P 









A 

tcR p B 





w 

tR AH : 



CS5-BEFORE-RAS REFRESH CYCLE 

(A0-A10 = DON’T CARE) 


BAS v|f __ 


^ { RP { RAS 

7 \ 

^RPC 

i JCPN , ^CSR t <CHR 


[ tRPC i i . { CSR . 1 1 jCHR 


HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 


L J 

,R CD 

tR SH 



*AR 


tR AD , 

*RAL | f 



COLUMN 

{ AA 

( RAC 

< t CAC 
JCLZ 


j DON’T CARE 
1 UNDEFINED 
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1 4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro- 
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 


POWER-UP 

The 4 Meg JEDEC test mode constraint may introduce 
another problem. The 1 Meg POWER-UP cycle requires a 
lOOjis delay followed by any eight RAS cyc les. T he 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLY or a CBR REFRESH cycle (WEheld 
HIGH). 

SUMMARY 

1. The 1 Meg CBR REFRESH allows the WE pin to be 
"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The e ight R AS wake-up cycles on the 1 Meg may beany 
valid RAS cycle while the 4 Meg may only use RAS- 
ONLY or CBR REFRESH cycles (WE held HIGH). 



Wh DON'T CARE 


COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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4 MEG x 1 DRAM 

LOW POWER, 

EXTENDED REFRESH 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-MS 
(CBR), BATTERY BACKUP (BBU) and HIDDEN 

• FAST PAGE MODE access cycle 

• 1,024-cycle extended refresh distributed across 128ms 

• Low power, ImW standby; 225mW active, typical 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Plastic SOJ (300 mil) DJ 

Plastic TSOP (300 mil)** TG 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C1004JDJ-6 L 

GENERAL DESCRIPTION 

The MT4C1004J L is a randomly accessed solid-state 
memory containing 4,194,304 bits organized in a xl configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 1 1 
jits (A0-A 10) at a time. RAS is used to latch the first 11 bits 
tnd CAS the latt er 11 bits. READ and WRIT E cy cles are 
.elected with the WE input. A logic HIGH on WE dictates 
IEAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data in (D) is latched by the 
ailing edge of WE or CAS, whichever occurs last. If WE goes 
DW prior to CAS going LOW, the outputpin remains open 
High-Z) until the next CAS cycle. If WE goes LOW after 
ata reaches the output pin, data out (Q) is activated and 
stains the selected cell data as long as CAS remains LOW 
*egardless of WE or RAS). This late WE pulse results in a 
EAD-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera- 
ons (READ, WRITE or READ-MODIFY-WRITE) within a 
>w address (A0-A10) defined page boundary. The FAST 


PIN ASSIGNMENT (Top View) 


20-Pin SOJ 

(Q-i) 


20-Pin ZIP 

( 0 - 1 ) 


1 26 

1 Vss 

A9 

1 


2 

25 

3 Q 

Q 

3 

-j- 

3 

24 

] CAS 

D 

5 


4 

23 

] NC 

RAS 



5 

22 

] A9 

7 

- i i _. 




NC 

9 





A0 

11 

-ip 

9 

18 

3 A8 

A2 

13 

-' l ~ 

10 

17 

3 A7 

Vcc 

15 


11 

16 

3 A6 

A5 

17 

n‘~ 

12 

15 

3 A5 

A7 

19 


13 

14 

3 A4 

_E 


20-Pin TSOP 

(R-1) 


1 

26 

2 

25 

3 

24 

4 

23 

5 

22 

9 

18 

10 

17 

11 

16 

12 

13 

15 

14 


‘Address not used for RAS-ONLY REFRESH 

“Consult factory on availability of reverse pinout TSOP packages 

PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR), 
BATTERY BAC KUP o r HIDDEN refresh) so that all 1,024 
combinations of RAS addresses (A0-A9) are executed at 
least every 128ms, regardless of sequence. The CBR and 
BATTERY BACKUP cycles will invoke the internal refresh 
counter for automatic RAS addressing. 

The MT4C1004J L contains the EIA/JEDEC defined test 
mode. 


4C1004J L 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 


NO. 2 CLOCK 
GENERATOR 



wM 

COLUMN 

ADDRESS 

BUFFER(II) 

^-| Q ifll 


A2 o If 

REFRESH 

A3 m 

CONTROLLER 

A5 | 

♦ 

A 6 o ijm 

REFRESH 

A? 0 — fl 

COUNTER 

A9 l 1 i 


At 0 o ~ -HL Kj 

ROW 

I 11 i 

ADDRESS 


BUFFERS (11) 



^ ^ 


CC 

4 i ^ 


5 S 


MEMORY 

o o 
cc O 

1024 

ARRAY 

Q 

-L 



o Vcc 
o Vss 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

RAT 

CAR 

WE 

ADDRESSES 

DATA 

l R 

X C 

D (Data In) 

Q (Data Out) 

Standby 

H 

H-*X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Data In 

Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Don’t Care 

Data Out 

2nd Cycle 

L 

H— L 

H 

n/a 

COL 

Don’t Care 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

High-Z 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

ROW 

COL 

Data In 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

Data In 

Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

High-Z 

CAS-BEFORE-RAS REFRESH 

H-+L 

L 

H 

X 

X 

Don’t Care 


BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

Don’t Care 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss.. -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 3, 4, 6, 7) (0°C <T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1 ) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

h 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (lour = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

pA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = X PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = *RC (MIN)) 

ICC5 

110 

100 



3 

REFRESH CURRENT: CAS-BEFORE-RA^ 

Average power supply current 

(WE = Vih, RAS, CAS, Address Cycling: ‘RC = *RC (MIN)) 

ICC6 

110 

100 



3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
GAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 
300ns; WE = Vcc -0.2V, A0-A9 and Din = Vcc - 0.2V or 0.2V (Din 
may be left open), *RC = 125ps (1,024 rows at 1 25jlis = 128ms) 

ICC7 

300 

300 

300 

pA 

3, 5, 

7, 25 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10, D 

Cn 

5 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 

7 

PF 

2 

Output Capacitance: Q 

Co 

7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-( 

3 * 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

toWC 

135 


155 


175 


ns 


FAST-PAGE-MODE 

'PC 

40 


40 


45 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

toRwc 

60 


65 


70 


ns 


READ-WRITE cycle time 










Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

toAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

25 

RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

25 

RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

TIP 

40 


50 


60 


ns 


CAS pulse width 

•CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

toPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

top 

10 


10 


10 


ns 


RAS to CAS delay time 

toCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

toRP 

10 


10 


10 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

toAH 

10 


10 


10 


ns 


RAS to column 

toAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 

l AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

toAL 

30 


35 


40 


ns 


RAS lead time 





: . - ; 





Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

toCH 

0 


0 


I 

o 


ns 

19 

(referenced to CAS) 










Read command hold time 

toRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

tCLZ 

0 


0 


o 


ns 


Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'WCS 

0 


0 


0 


ns 

21 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10. 1 1 , 12, 13) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


- 

3 

- 

7 

' -8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

l WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


20 


ns 


Data-in setup time 

•ds 

0 


0 


0 


ns 

22 

Data-in hold time 

! dh 

10 


15 


15 


ns 

22 

Data-in hold time 

'dhr 

45 


55 


60 


ns 


(referenced to RAS) 










RAS to WE delay time 

'RWD 

60 


70 


80 


ns 

21 

Column address 

'AWD 

30 


35 


40 


ns 

21 

to WE delay time 










CAS to WE delay time 

'CWD 

15 


15 


20 


ns 

21 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

'REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

'CHR 

15 


15 


1 5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

tWRH 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE hold time 

l \NJH 

10 


10 


10 


ns 

24 

(WCBR test cycle) 










WE setup time 

l \NTS 

10 


10 


10 


ns 

24 

(WCBR test cycle) 













o 
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NOTES 

All voltages referenced to Vss. 

This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 
Icc is dependent on cycle rates. 

Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

Enables on-chip refresh and address counters. 

The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

An initial pause o f lOOp s is required a fter p ower-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH ) befo re proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

AC characteristics assume *T = 5ns. 

Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If 4 RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for t CPN. 

17. Operation within the t RCD (MAX) limit ensures that 


§3 
30 4 
> 


t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and *CAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or l RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If tWCS > 
tWCS (MIN), the cycle is an E ARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle. If tRWD > t RWD (MIN), t AWD > 
*AWD (MIN) and *CWD > *CWD (MIN), the cycle is a 
RE AD- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE-WRITE and the 
state of data out is indeterminate (at access time and 
until CAS goes back to Vih). 

22. These parameters are refer ence d to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. t WTS and t WTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WR P and *WRH in the 
CBR refresh cycle. 

25. BBU current is reduced as *RAS is reduced from its 
maximum specification during the BBU cycle. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MOD I FY- WRITE CYCLES) 



“PC is for LATE-WRITE only. ^ undefined 
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HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 


(READ) (REFRESH) 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 


a 

30 

> 


The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro- 
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 


REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a volt age HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 


POWER-UP 

The 4 Meg JEDEC test mode constraint may introduce 
another problem. The 1 Meg POW ER-U P cycle requires a 
lOOps delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLY or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 

1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Me g ma y only use RAS- 
ONLY or CBR REFRESH cycles (WE held HIGH). 
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FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 225m W active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 1,024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

» STATIC COLUMN access cycle 


3PTIONS 

* Timing 
70ns access 
80ns access 

• Packages 

Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 


MARKING 

-7 

-8 


DJ 

Z 


NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

Part Number Example: MT4C1006JDJ-7 


GENERAL DESCRIPTION 


STATIC COLUMN 


PIN ASSIGNMENT (Top View) 

20-Pin SOJ 20-Pin ZIP 

(CM) (0-1) 


D 

WE 

RAS 

NC 

*A10 


A0 

A1 

A2 

A3 

Vcc 


J 26 

2 25 

3 24 

4 23 

5 22 


9 18 

10 17 

11 16 

12 15 

13 14 


A9 1 
Q 3 
D 5 
RAS 7 
NC 9 
A0 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


> 2 
> 4 
6 
8 

10 
~y 12 
~ y ~ 14 

i6 

~y~ is 

20 


CAS 

Vss 

WE 

A10* 

NC 

A1 

A3 

A4 

A6 

A8 


‘Address not used for RAS-ONLY REFRESH 


D 
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The MT4C1006J is a randomly accessed solid-state 
remory containing 4,194,304bits organized in a xl configu- 
ation. During READ or WRITE cycles, each bit is uniquely 
ddressed through the 22 address bits, which are entered 1 1 
its (A0-A10) at a time. RAS is used to latch the first 11 bits 
ad CAS the latt er 11 bits. READ and WRIT E cy cles are 
sleeted with the WE input. A logic HIGH on WE dictates 
EAD mode while a logic LOW on WE dictates WRITE 
lode. Durin g a W RITE cycle/ data in (D) is latched by the 
tiling edge of WE or CAS, whichever occurs last. If WE goes 
OWprior to CAS going LOW, the output pin remains open 
iigh-Z) until the next CAS cycle. If WE goes LOW after 
ata reaches the output pin, data out (Q) is activated and 
;tains the sel ected cell data as long as CAS remains LOW 
egardless of WE or RAS). This late WE pulse results in a 
EAD-WRITE cycle. 

STATIC COLUMN operations allow faster data opera- 
3ns (READ, WRITE or RE AD-MODIFY-WRITE) within a 


row address (A0-A10) defined page boundary. After the 
first read, any column address transition will result in new 
data out. Unlike the page-mode part, which requires CAS to 
be toggled for each successive page-mode access, the 
STATIC COLUMN part allows CAS to be left LO W for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH termi nates t he S TATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any R AS cycle 
(READ, WRITE, RAS ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (A0-A9) are executed at least every 16ms, regard- 
less of sequence. The CBR cycle will invoke the internal 
refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 



cc 

_ LU 

5 Q 


MEMORY 

o o 
oc o 

1024 

ARRAY 

UJ 

Q 




D 


Q 


Vcc 

Vss 


‘NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

RAS 

cm 

WE 

ADDRESSES 

DATA 


*C 

D (Data In) 

Q (Data Out) 

Standby 

H 

H-X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Data In 

Data Out 

STATIC COLUMN 

1 st Cycle 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

READ 

2nd Cycle 

L 

L 

H 

n/a 

COL 

Don’t Care 

Data Out 

STATIC COLUMN 

1st Cycle 

L 

L 

L 

ROW 

COL 


High-Z 

EARLY-WRITE 

2nd Cycle 

L 

L 


n/a 



High-Z 

STATIC COLUMN 

1 st Cycle 

L 

L 


ROW 

COL 


Data Out 

READ-WRITE 

2nd Cycle 

L 

L 


n/a 

COL 

Data In 

Data Out 

RAS-ONLY REFRESH 

L 


X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

READ 

L-H-L 

bdh 


ROW 

COL 

Don’t Care 

Data Out 

REFRESH 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

High-Z 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

Don’t Care 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

li 

-2 

2 

|iA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICG2 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC3 

100 

90 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l SC = l SC (MIN)) 

ICC4 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = *RC (MIN)) 

ICC5 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = ‘RC (MIN)) 

ICC6 

100 

90 

mA 

3, 5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10, D 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

pF 

2 

Output Capacitance: Q 

Co 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

130 


150 


ns 


READ-WRITE cycle time 

*RWC 

155 


175 


ns 


STATIC-COLUMN 

'sc 

40 


45 


ns 


READ or WRITE cycle time 








STATIC-COLUMN 

l SRWC 

70 


75 


ns 


READ-WRITE cycle time 








Access time from RAS 

*RAC 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


20 


20 

ns 

15 

Access time from column address 

WA 


35 


40 

ns 


RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

ns 


MS pulse width (STATIC COLUMN) 

'RASC 

70 


80 


ns 


RAS hold time 

'RSH 

20 

SMMI 

20 


ns 


RAS precharge time 

X RP 

50 

L 

o 

CD 


ns 


CAS pulse width 

'CAS 

20 


20 


ns 


CAS hold time 


70 


80 


ns 


CAS precharge time 

*CPN 

10 


10 


ns 

16 

CAS precharge time (STATIC COLUMN) 

l CP 

10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

H33SB 



10 


ns 


Row address setup time 


0 


0 


ns 


Row address hold time 

wwiw 

10 


10 


ns 


RAS to column 






ns 

18 

address delay time 








Column address setup time 


0 


0 


ns 


Column address hold time 


15 


15 


ns 


Column address hold time 

l AR 

80 


90 


ns 


(referenced to RAS) 








Column address to 

'RAL 







RAS lead time 








Read command setup time 

'RCS 

0 


0 


ns 


Read command hold time 

'RCH 

0 


0 


ns 

19 

(referenced to CAS) 








Read command hold time 

'RRH 

0 


0 


ns 

19 

(referenced to RAS) 








CAS to output in Low-Z 

*CLZ 

0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

ns 

20 

Column address hold time 

l AWR 

55 


60 


ns 


(referenced to RAS) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5.0V ± 10%) 


AC CHARACTERISTICS 



7 

- 

8 

' 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

WE command setup time 

l wcs 

0 


0 


ns 

21 

Write command hold time 

*WCH 

15 


15 


ns 


Write command hold time 

'WCR 

55 


60 


ns 


(referenced to RAS) 








Write command pulse width 

l WP 

15 


15 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


ns 


Data-in setup time 

<DS 

0 


0 


ns 

22 

Data-in hold time 

t DH 

15 


15 


ns 

22 

Data-in hold time 

l DHR 





ns 


(referenced to RAS) 








RAS to WE delay time 

t RWD 

70 


80 


ns 

21 

Column address 

l AWD 





ns 

21 

to WE delay time 








CAS to WE delay time 

*CWD 

20 


20 


ns 

21 

Transition time (rise or fall) 

R* 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1024 cycles) 

'REF 


16 


16 

ms 


RAS to CAS precharge time 


0 


0 


ns 


CAS setup time 


10 


10 


ns 

5 

(CAS-BEFORE-RA5 refresh) 

■m 







CAS hold time 


15 




ns 

5 

(CAS-BEFORE-EA5 refresh) 

ill 







WE hold time 




10 


ns 

24 

(CAS-BEFORE-RAS refresh) 

1 







WE setup time 

— tMl-l — 



10 


ns 

24 

(CA5-BEFORE-RA5 refresh) 

111 







WE hold time 




10 


ns 

24 

(WCBR test cycle) 








WE setup time 


10 


10 


ns 

24 

(WCBR test cycle) 








Write inactive time 


10 


10 


ns 


Previous WRITE to column address 


20 



35 

ns 


delay time 








Previous WRITE to column address 


65 


75 


ns 


hold time 








Output data hold time from 

'AOH 

5 


5 


ns 


column address 








Output data enable from WRITE 

m.vm 

'AA + 5 


l AA.+ 5 


ns 


Access time from last WRITE 


65 


75 


ns 


Column address hold time 

'AH 



10 


ns 


referenced to RAS HIGH 


1 1 






CAS pulse width in 

'CSC 



>CAS 




STATIC-COLUMN mode 


mam 






Output data hold from WRITE 

tWOH 

0 


0 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of IOOjlis is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion/all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < t RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CFN. 


17. Operation within the t RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified 4 RCD (MAX) limit, then access time is 
controlled exclusively by tAC. 

18. Operation within the *RAD (MAX) limit ensures that 
tRAC (MIN) and 4 CAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if ^RAD 
is greater than the specified t RAD (MAX) limit/ then 
access time is controlled exclusively by t A A. 

19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

20. tQFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. hVCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If hVCS > 
*WCS (MIN), the cycle is an EARLY -WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle. If *RWD > *RWD (MIN), *AWD > 
*AWD (MIN) and *CWD > l CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE- WRITE and the 
state of data out is indeterminate (at access time and 
until CAS goes back to Vih). 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ-WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. hVTS and HVTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WRP and HVRH in the 
CBR refresh cycle. 
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READ- WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



STATIC-COLUMN READ CYCLE 



UNDEFINED 
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STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS controlled) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(WE controlled) 



DON’T CARE 
^ UNDEFINED 
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CAS-BEFORE-RAS REFRESH CYCLE 

' (A0-A10- DON’T CARE) 



HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 



J/J\ DON’T CARE 

M undefined 
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■ 4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro- 
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The most commonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a volt age HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 


POWER-UP 

The 4 Meg JEDEC test mode constraint may introduce 
another problem. The 1 Meg POW ER-U P cycle requires a 
lOOj-ts delay followed by any eight RAS cyc les. T he 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only w ay to exit the 4 Meg JEDEC test mod e is 
with either a RAS-ONLY or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 

1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The e ight R AS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS- 
ONLY or CBR REFRESH cycles (WE held HIGH). 
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PRELIMINARY 



MT4(L)C16M1A1 
16 MEG x 1 DRAM 




16 MEG xl DRAM 


FAST PAGE MODE 


FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single power supply: +5V ±10% only or +3.3V ±10% 
only 

• Low power, 3mW standby; 325mW active, typical (5V) 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Refresh modes: MS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 4,096-cycle refresh distributed across 64ms 


OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

• Packages 

Plastic SOJ (400 mil) DJ 

Plastic TSOP (400 mil) TG 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 

Commercial (0°C to +70°C) None 

• Power Supply 

+5V ±10% MT4C16M1A1 

+3.3V ±10% MT4LC16M1A1 


MT4C16M1A1 

MT4LC16M1A1 


GENERAL DESCRIPTION 

The MT4(L)C16M1 A1 is a randomly accessed solid-state 
memory containing 16,777,216 bits organized in a xl con- 
figuration. The MT4C16M1A1 and MT4LC16M1A1 are the 
same DRAM versions except that the MT4LC16M1A1 is a 
low voltage version of the MT4C16M1A1. The 
MT4LC16M1A1 is designed to operate in a 3.3+/-10% 
memory system. All further references made for the 
MT4C16M1A1 also apply to the MT4LC16M1A1 unless 
specifically stated otherwise. During READ and WRITE 
cycles, each bit is uniquely addressed through the 24 ad- 
dress bits, which are entered 12 bits (A0 -All) at a time. 
RAS is used to latch the first 12 bits and CAS the latter 12 
bits. READ and WRITE cyc les are selected with the WE 
input. A logic HIGH on WE dictates READ mode while a 
logic LOW on WE dictates WRITE mode. During a WRITE 



PIN ASSIGNMENT (Top View) 


# 

4 

14-Pin SOJ 


24-Pin TSOP 



(Q-3) 



(R-2) 


Vcc [ 

1 

28 3 Vss 

Vcctx 

1 

28 

XI Vss 

D [ 

2 

27 3 Q 

Dcr 

2 

27 

u Q 

NC [ 

3 

26 3 NC 

NCce 

3 

26 

xl NC 

WE C 

4 

25 3 CAS 

WEcr 

4 

25 

33 CAS 

RAS C 

5 

24 3 NC 

RAS ci 

5 

24 

xi NC 

All [ 

6 

23 3 A9 

All CE 

6 

23 

33 A9 

A10 C 

9 

20 3 A8 

AIOce 

9 

20 

33 A8 

A0 C 

10 

19 3 A7 

AOcr 

10 

19 

33 A7 

A1 [ 

11 

18 3 A6 

Aicr 

11 

18 

33 A6 

A2 [ 

12 

17 3 A5 

A2cr 

12 

17 

XI A5 

A3 E 

13 

16 3 A4 

A3 ex 

13 

16 

xi A4 

Vcc C 

14 

15 3 Vss 

Vcccx 

14 

15 

33 Vss 









cycle , data in (D) is latched b y the falling edge of WE or 
CAS, whichever occurs last. If WE goes LOW prior to CAS 
going LOW, the output pin remains open (High-Z) until the 
next CAS cycle. If WE goes LOW after data reaches the 
output pin, data out (Q) is activated and retains the selected 
cell d ata as long as C AS remains LOW (regardless of WE or 
RAS). This late WE pulse results in a READ-WRITE cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-inby RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS^ONLY, CAS-BEFORE-RAS (CBR), or 
HIDDEN refresh) so that all 4,096 combinations of RAS 
addresses (A0 -All) are executed at least every 64ms, re- 
gardless of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 
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MT4(L)C16M1A1 
16 MEG x 1 DRAM 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 


WE P- 
CAS o- 



DATA IN 
BUFFER 




1 


NO. 2 CLOCK 
GENERATOR 


*EARLY-WRITE 
DETECTION CIRCUIT 


533 


DATA OUT 
BUFFER 



-o 


-o 


-o 


D 


Q 


Vcc 

Vss 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

m 

m 

WF 

ADDRESSES 

DATA 

tR 

*c 

D (Data In) 

Q (Data Out) 

Standby 

H 

H-X 

X 

X 

X 

Don’t Care 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

High-Z 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Data In 

Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H— L 

H 

ROW 

COL 

Don’t Care 

Data Out 

2nd Cycle 

L 

H— L 

H 

n/a 

COL 

Don’t Care 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H— L 

L 

ROW 

COL 

Data In 

High-Z 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-*L 

ROW 

COL 

Data In 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

Data In 

Data Out 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Don’t Care 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Don’t Care 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

High-Z 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

Don’t Care 

High-Z 
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MICRON 

m TECHNOLOGY, INC. 


MT4(L)C16M1A1 
16 MEG x 1 DRAM 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss (3.3V) ...-1V to +4.5V 


Voltage on Any Pin Relative to Vss (5V) -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 



O 

33 

> 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±1 0%) 


PARAMETER/CONDiTiON 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

ll 

-2 

2 

mA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


(Notes: 1 , 3, 4, 6, 7) (Vcc = 3.3V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

3.0 

3.6 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+T 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

‘1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any input 0V < Vin < 3.6V 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2mA) 

Output Low Voltage (Iout = 2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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MICRON 

■ TECHNOLOGY. INC. 


MT4(L)C16M1A1 
16 MEG x 1 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = X RC (MIN)) 

ICC3 

90 

80 

70 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = X PC (MIN)) 

ICC4 

70 

60 

50 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = l RC (MIN)) 

ICC5 

90 

80 

■ ! 

70 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

90 

80 

70 

mA 

3,5 


(Notes: 1 , 3, 4, 6, 7) (Vcc = 3.3V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

400 

400 

400 

pA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC3 

60 

55 

50 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = X PC (MIN)) 

ICC4 

40 

35 

30 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

60 

55 

50 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

60 

55 

50 

mA 

3,5 
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PRELIMINARY 


MICRON 

MT4(L)C16M1A1 

I TECHNOLOGY, INC. 

16 MEG x 1 DRAM 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 1 , D 

Cii 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


7 

PF 

2 

Output Capacitance: Q 

Co 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7,8, 9, 10, 11, 12, 13) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

<RWC 

130 


155 


175 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


45 


50 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

'PRWC 

60 


70 


75 


ns 


Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 


'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RA5 pulse width (FAST PAGE MODE) 

‘RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

‘RSH 

15 


20 


20 


ns 


RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

‘CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

‘CP 

10 


10 


10 


ns 


RAS to CAS delay time 

‘RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 


5 


5 


5 


ns 


Row address setup time 


0 


0 


0 


ns 




10 


10 


10 


ns 


RAS to column 
address delay time 

‘RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

‘CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

‘AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

‘RAL 

30 


35 


40 


ns 


Read command setup time 

‘RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

‘RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 


0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'WCS 

0 


0 


0 


ns 

21 
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MT4(L)C16M1A1 
16 MEG x 1 DRAM 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V±10%) 


o 

D 

> 


AC CHARACTERISTICS 


-6 

- 

7 

_ -8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

<WP 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

15 


20 


20 


ns 


Write command to CAS lead time 

<CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

t DH 

10 


15 


15 


ns 

22 

Data-in hold time 

>DHR 

45 


55 


60 


ns 


(referenced to RAS) 










RAS to WE delay time 

tRWD 

60 


70 


80 


ns 

21 

Column address 

*AWD 

30 


35 


40 


ns 

21 

to WE delay time 










CAS to WE delay time 

X C\ND 

15 


20 


20 


ns 

21 

Transition time (rise or fall) 

' T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

*REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

<CSR 

5 


5 


5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

tCHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

X \NRH 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE setup time 

X \NRP 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE hold time 

tWTH 

10 


10 


10 


ns 

24 

(WCBR test cycle) 










WE setup time 

•WTS 

10 


10 


10 


ns 

24 

(WCBR test cycle) 
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PRELIMINARY 



MT4(L)C16M1A1 
16 MEG x 1 DRAM 


NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C <T A < 70°C) is assured. 

7. An initial pause of lOOjas is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the *REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic mariner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ‘CPN. 


17. Operation within the t RCD (MAX) limit ensures that 
*RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

Operation within the *RAD (MAX) limit ensures that 
tRAC (MIN) and k CAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by *AA. 

Either tRCH or tRRH must be satisfied for a READ 
cycle. 

tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 
tWCS, tRWD, *AWD and tCWD are restrictive 
operating parameters in LATE- WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If tWCS > 
tWCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle. If *RWD > *RWD (MIN), ‘AWD > 
*AWD (MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE- WRITE and the 
state of data out is indeterminate (at access time and 
until CAS goes back to Vih). 

These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in late 
WRITE or READ- WRITE cycles. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

24. *WTS and *WTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of HVRP and HVRH in the 
CBR refresh cycle. 


18. 

19. 

20 . 

21 . 
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NEW ■ DRAM 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



UNDEFINED 
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TTO5-0NLY REFRESH CYCLE 

(ADDR = A0-A10; A1 1 and WE = DON’T CARE) 


MT4(L)C16M1A1 
REV. 4/92 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A1 1 = DON’T CARE) 



HIDDEN REFRESH CYCLE 23 
(WE = HIGH) 


(READ) (REFRESH) 



H UNDEFINED 
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ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT4C16M1D1 
16 MEG x 1 DRAM 




FEATURES 

• Industry standard xl pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single power supply: +5V ±10% 

• Low power, 3mW standby; 330mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 4,096-cycle refresh distributed across 64ms 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access -7 

80ns access -8 

• Packages 

Plastic SOJ (400 mil) DJ 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 

Commercial (0°C to +70°C) None 


16 MEG xl DRAM 

STATIC COLUMN 




• Part Number Example: MT4C16M1D1DJ-6 


GENERAL DESCRIPTION 

The MT4C16M1D1 is a randomly accessed solid-state 
memory containing 16,777,216 bits organized in a xl con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 24 address bits, which are 
entered 12 bits ( A0 -A ll) at a time. RAS is used to latch the 
first 12 bits and CAS the latt er 12 bits. READ and WRITE 
cycles are selected with the WE input. A logic HIGH on 
WE dictates READ mode while a logic LOW on WE dictates 
WRITE mode. Durin g a W R ITE cy cle, data in (D) is latched 
by the falling edge of WE or CAS, whichever occurs last. If 
WE goes LOW prior to CAS going LOW, the output pin 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, data out (Q) is 
activated and retains the selected cell data as long as CAS 


remains LOW (regardless of WE or RAS) . This late WE pulse 
results in a READ- WRITE cycle. 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (A0 -All) defined page boundary. After the 
first read, any column address transition will result in new 
data out. Unlike the PAGE-MODE part, which requires 
CAS to be toggled for each successive PAGE-MODE access, 
the STATIC COLUMN part allows CAS to be left LO W for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the S TATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing a ny RA S cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS or HID- 
DEN refresh) so that all 4,096 combinations of RAS addresses 
(A0 -All) are executed at least every 64ms, regardless of 
sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 
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MT4C4256 
256K x 4 DRAM 


iL 


DRAM 256K x 4 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3m W standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Plastic DIP (300 mil) None 

Plastic SOJ (300 mil) DJ 

Plastic TSOP (300 mil)* TG 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 

Commercial (0°C to +70°C) None 

Industrial (-40°C to +85°C) IT 

GENERAL DESCRIPTION 

The MT4C4256 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a x4 configura- 
tion. During READ or WRITE cycles each bit is uniquely 
addressed through the 18 address bits which are entered 9 
bits (AO -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ and WRITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
sdge of WE or CAS, whichever occurs last. If WE goes LOW 
arior to CAS going LOW, the output pin(s) remain open 
High-Z) until the next CAS cycle. If WE goes LOW after 
lata reaches the output pin, data out (Q) is activated and 
•etains the selected cell data as long as CAS remains LOW 
regardless of WE or RAS). This late WE pulse results in a 
IEAD- WRITE cycle. The four data inputs and four data 


PIN ASSIGNMENT (Top View) 


20-Pin DIP 

(N-2) 


DQ4 

DQ3 

CAS 


20-Pin SOJ 

(Q-1) 



20-Pin ZIP 

( 0 - 1 ) 


DQ3 3 
Vss 5 
DQ2 7 
RAS 9 
: A0 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


2 CAS 
4 DQ4 
6 DQ1 
8 WE 
10 NC 
12 A1 
14 A3 
16 A4 
18 A6 
20 A8 


20-Pin TSOP 

(R-1) 



"Consult factory on availability of reverse pinout TSOP packages 


outputs are routed through four pins using common 1/ O, 
and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (RE AD, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-inby 
CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses/ thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MOD E cy cle. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR ) or 
HIDDEN refresh) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 8ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 
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o 

JJ 

> 


WE 

CAS 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 


NO. 2 CLOCK 
GENERATOR 



*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

RAS 

m 

WF 

BIT 

ADDRESSES 

DATA IN/OUT 

*R 

l C 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 




READ-WRITE 

L 

L 






FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H— L 

H 

L 

ROW 



2nd Cycle 

L 


H 

L 

n/a 


Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

HH_ 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 
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MT4C4256 
256K x 4 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 



O 

“D 

> 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

li 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT: (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

90 

80 

70 

mA 

3, 4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = *PC (MIN)) 

ICC4 

70 

60 

50 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = 'RC (MIN)) 

ICC5 

90 

80 

70 

mA 

3 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = ‘RC (MIN)) 

ICC6 

90 

80 

70 

mA 

3,5 
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DRAM 


MT4C4256 
256K x 4 DRAM 


kL -4 =1-1* 



CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, UE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0. 1 1 , 12. 13, 23) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE READ or WRITE 

'PC 

40 


40 


45 


ns 


cycle time 










FAST-PAGE-MODE READ-WRITE 

'PRWC 

90 


95 


100 


ns 


cycle time 










Access time from RAS 

X RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

15 

Output Enable 

x OE 


20 


20 


20 

ns 


Access time from column address 

X AA 


30 


35 


40 

ns 


Access time from CAS precharge 

l CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


■RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

X RSH 

20 


20 


20 


ns 


RAS precharge time 

l RP 

40 


50 


60 


ns 


CAS pulse width 

X CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

tCSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

‘CRP 

5 


5 


5 


ns 


Row address setup time 

X ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 

X AR 

45 


55 


60 


ns 


(referenced to RAS) 










Column address to 

x RAl 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

t RCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

l RRH 

0 


0 


o 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

X CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


1 -6 

-z 

1 8 

.1 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

*OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 26 

Output disable 

l OD 


15 


20 


20 

ns 

26 

WE command setup time 

•wcs 

0 


0 


0 


ns 

21 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

! WP 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

20 


20 


20 


ns 


Write command to CAS lead time 

'CWL 

20 


20 


20 


ns 


Data-in setup time 

X DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

15 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t DHR 

45 


55 


60 


ns 


RAS to WE delay time 

l RWD 

85 


100 


110 


ns 

21 

Column address 
to WE delay time 

*AWD 

60 


65 


70 


ns 

21 

CAS to WE delay time 

t CWD 

40 


50 


55 


ns 

21 

Transition time (rise or fall) 

l T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (51 2 cycles) 

t REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CA$ setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CA5-BEFORE-RAS refresh) 

X CHR 

10 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OEH 

15 


20 


20 


ns 

25 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

'ORD 

0 


0 


0 


ns 

24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the *REF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < ’RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that 4 RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RAC (MIN) and *CAC (MIN) can be met. f RAD 
(MAX) is specified as a reference point only; if t RAD 


is greater than the specified t RAD (MAX) limit, then 
access time is controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. 4 OFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. *WCS, t RWD, *AWD and *CWD are not restrictive 
operating parameters. *WCS applies to EARLY- 
WRITE cycles. tRWD, tAWD and *CWD apply to 
RE AD-MODIFY-WRITE cycles. If *WCS > tWCS 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD > tRWD (MIN), *AWD > 
tAWD (MIN) and tCWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the sta te of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. <WCS, tRWD, *CWD and *AWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQ s open during READ cycles once *OD or kDFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CAS-BEFORE-RAg REFRESH CYCLE 

(A0-A8, WE and OE = DON’T CARE) 




HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 



Y7A DON'T CARE 

M UNDEFINED 
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FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, .3mW standby; 150mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Optional FAST PAGE MOD E acce ss cycle _ 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• 512-cycle extended refresh in 64ms 

• Low CMOS STANDBY CURRENT, 200jliA Maximum 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic SOJ (300 mil) 

DJ 

Plastic TSOP (300 mil)* 

TG 

Plastic ZIP (350 mil) 

Z 


NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 

Commercial (0°C to +70°C) None 

Industrial (-40°C to +85°C) IT 

• Part Number Example: MT4C4256DJ-7L 

GENERAL DESCRIPTION 

The MT4C4256 L is a randomly accessed solid-state 
memory containing 1,048,576 bits organized in a x4 configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ and WRITE cycles are selected 
with the WE input. A logic H IGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latche d by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 


256 K x 4 DRAM ■ 


LOW POWER, 
EXTENDED REFRESH 


PIN ASSIGNMENT (Top View) 


20-Pin DIP 

(N-2) 


20-Pin ZIP 

( 0 - 1 ) 


DQ1 

1 

20 

] Vss 

OE 

1 


DQ2 

2 

19 

] DQ4 

DQ3 

3 

-i 1- 

WE 

3 

J! 

] DQ3 

Vss 

5 


RAS 

4 

17 

] CAS 

DQ2 

7 


NC 

5 

16 

1 OE 

RAS 

9 


A0 [ 

6 

15 

] A8 

A0 

11 


A1C 

7 

14 

]A7 

A2 

13 


A2( 

8 

13 

] A6 

Vcc 

15 


A3 [ 

9 

12 

] A5 

A5 

17 


Vcc [ 

10 

11 

]A4 

A7 

19 



2 CAS 
4 DQ4 
6 DQ1 
8 WE 
10 NC 
12 A1 
14 A3 
16 A4 
18 A6 
20 A8 


20-Pin SOJ 

(0-D 


20-Pin TSOP 

(R-i) 


DQ1 dJ_ 
DQ2 C 
WE d3 
RAS d4 
NC 0 5 


26 ] Vss 
25 ] DQ4 
24 ] DQ3 
23 ] CAS 
22 ] OE 


AO [ 9 
A1 [ 10 
A2 [ 11 
A3 C 12 


18 ] A8 
17 ] A7 
16 3 A6 
15 3 A5 


1 26 

2 25 

3 24 

4 23 

5 22 


9 18 

10 17 

11 16 

12 15 

13 14 


‘Consult factory on availability of reverse pinout TSOP packages 


o 

30 

> 


data reaches the output pin, data out (Q) is activated and 
retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different colum n addr esses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE cycle. 
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Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 


(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR) 
HIDDEN refresh) so that all 512 combinations of RAS 
dresses (AO - A8) are executed at least every 64ms, regard] 
of sequence. The CBR refresh cycle will invoke the inter 
refresh counter for automatic RAS addressing. 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 


NO. 2 CLOCK 
GENERATOR 


*EARLY-WRITE 
DETECTION CIRCUIT 



— 1 


D— 

DATA OUT 



' 

BUFFER 


COLUMN 

ADDRESS 

BUFFER 

REFRESH ' 
CONTROLLER 




y COLUMN 
DECODER ■ I 

IJ 

„ SENSE AMPLIFIERS 
I/O GATING 


REFRESH 

COUNTER 


ROW 

ADDRESS 
BUFFERS (9) 




MEMORY 

Array 


NO. 1 CLOCK 
GENERATOR 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 
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TRUTH TABLE 


FUNCTION 

RAF 

CAF 

WF 

UF 

ADDRESSES 

DATA IN/OUT 

l R 

*C 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

i 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

X 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H— L 

L 

X 

X 

X 

X 

High-Z 
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DRAM 


MICRON 

MT4C4256 L 

1 TECHNOLOGY, INC. 

256K x 4 DRAM 

* . 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) .. 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 I, 3, 4, 6, 7) (Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1 ) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

lr 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT: (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

pA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Single Address Cycling: *RC = l RC (MIN)) 

ICC3 

75 

65 

55 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = l PC (MIN)) 

ICC4 

55 

45 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

75 

65 

55 

mA 

3 

REFRESH CURRENT: OAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

75 

65 

60 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS^0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 

Ijxs; WE, A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), *RC = 1 25ps (51 2 rows at 1 25ps = 64ms) 

ICC7 

200 

200 

200 

pA 

3, 5, 

7, 27 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

185 


205 


245 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

*pc 

40 


45 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

l PRWC 

95 

, 


100 


115 


ns 


Access time from RAS 

’RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

’CAC 


20 


20 


25 

ns 

15 

Output Enable 

x OE 


20 


20 


25 

ns 


Access time from column address 

*AA 


35 


40 


50 

ns 


Access time from CAS precharge 

*CPA 


40 


45 


50 

ns 


RAS pulse width 

l RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

! RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

*RSH 

20 


20 


25 


ns 


RAS precharge time 

f RP 

50 


60 


70 


ns 


CAS pulse width 

*CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

’CSH 

70 


80 


100 


ns 


CAS precharge time 

*CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

’CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

’CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

*RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

’ASC 

0 


0 


0 


ns 


Column address hold time 

’CAH 

15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

l RAL 

! 

35 


40 


50 


ns 


Read command setup time 

’RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

’RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

X CIZ 

0 


0 


o 


ns 
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■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1, 12, 13, 23) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20,26 

Output disable 

x OD 


20 


20 


20 

ns 

26 

WE command setup time 

* wcs 

0 


0 


0 


ns 

21 

Write command hold time 

'WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

'WCR 

55 


60 


75 


ns 


Write command pulse width 

t W P 

15 


15 


20 


ns 


Write command to RAS lead time 

l RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

tCWL 

20 


20 


25 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

22 

Data-in hold time 

X DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

! DHR 

55 


60 


75 


ns 


RAS to WE delay time 

'RWD 

100 


110 




ns 

21 

Column address 
to WE delay time 

'AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

l CWD 

50 


55 


60 


ns 

21 

Transition time (rise or fall) 

n 

3 

50 

3 


3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

'REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CA5-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CaS-BEFORE-RAS refresh) 

'CHR 

15 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

tQEH 

20 


20 


20 


ns 

- ■ ■ ■ j 

25 

UE setup prior to RAS during 
HIDDEN REFRESH cycle 

x ORD 

0 


0 


0 

■ 


ns 

24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that fc RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the t RCD (MAX) limit ensures that 
t RAC(MAX) can be met. f RCD (MAX) is specified as 
a reference point only; if fc RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by fc CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
t RAC (MIN) and *CAC (MIN) can be met. t RAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified t RAD (MAX) limit, then 
access time is controlled exclusively by t AA. 


19. Either tRCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. *WCS, *RWD, f AWD and *CWD are not restrictive 
operating parameters. HVCS applies to EARLY- 
WRITE cycles. tRWD, *AWD and tCWD apply to 
READ-MODIFY-WRITE cycles. If HVCS > HVCS 
(MIN), the cycle is an EARLY- WRITE cycle, and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD > tRWD (MIN), *AWD > 
*AWD (MIN) and tCWD > tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE cycle, and the data output 
will contain data read from the selected cell. If neither 
of the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE 

(OE controlled) cycle. HVCS, tRWD, *CWD and *AWD 
are not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
L ATE -WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQs open during READ cycles once *OD or t OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care," and tire DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

27. BBU current is reduced as t RAS is reduced from its 
maximum specification during the BBU cycle. 



a 

jj 
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FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



£21 DON'T CARE 

*'PC is for LATE-WRITE only. M undefined 
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ESS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CSS-BEFORE-ffSS refresh cycle 

(A0-A8, WE and OE = DON’T CARE) 



BATTERY BACKUPREFRESH CYCLE 

(A0-A8, WE and OE = DON’T CARE) 
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PRELIMINARY 


MICRON 
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256K x 4 DRAM 



DRAM 


256K x 4 DRAM 

3.3V, EXTENDED REFRESH 


FEATURES 

• Best memory solution for 3.3V flat-panel controllers 

• Single +3.3V ±5% power supply 

• TSOP and SOJ compatible with 1 Meg x 4 TSOP 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• All inputs and outputs are TTL compatible 

• Optional FAST PAGE MOD E acce ss cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
(CBR), HIDDEN and BATTERY BACKUP (BBU) 

• Low power, O.lmW standby; lOOmW active, typical 

• 512-cycle extended refresh distributed across 64ms 

• Low BBU current, 60pA typical, 90pA (MAX) 

• Low STANDBY CURRENT, 25pA typical, 

60p A (MAX) 


PIN ASSIGNMENT (Top View) 


OPTIONS 

• Timing 
100ns access 
120ns access 


MARKING 


• Packages 

Plastic SOJ (300 mil) DJ 

Plastic TSOP (300 mil) TG 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4256DJ-10 VL 

GENERAL DESCRIPTION 

The MT4C4256 VL is specially processed to operate at 3.3 
volts allowing for maximum power savings. It is a ran- 
domly accessed solid-state memory containing 1,048,576 
bits organized in a x4 configuration. During READ or 
WRITE cycles, each bit is uniquely addressed through the 18 
addre ss bits, which are entered 9 bits (A0-A8) at a time. 
RAS is used to latch the first 9 bits and CAS the latter 9 bits. 
READ and WRITE cycles are selected with the WE input. A 
lo gic H IGH on WE dictates READ mode while a logic LOW 
on WE dictates WRITE mode. During a WRITE cycle, data 
in (D) is latch ed by the falling edge of WE or CAS, whichever 
occurs last. If WE goes LOW prior to CAS going LOW, the 
output pin(s) remain open (High-Z) until the next CAS 
cycle. If WE goes LOW after data reaches the output pin, 
data out (Q) is activated and retains the selected cell data as 


20-Pin SOJ 

(CM) 


20-Pin ZIP 

( 0 - 1 ) 


DQ1 C 

11 26 ' 

1 Vss 

DQ2 [ 

2 

25 

□ DQ4 

WE C 

! 3 

24 

3 DQ3 

RAS C 

4 

23 

p CAS 

NC C 

5 

22 

3 OE 

A0 C 

9 

18 

D A8 

A1 C 

10 

17 

b A7 

A2 C 

11 

16 

P A6 

A3 C 

12 

15 

p A5 

Vcc C 

13 

14 

b A4 


DQ3 3 - 
Vss 5 - 
DQ2 7 - 
RAS 9 - 
AO 11 - 
A2 13 - 
Vcc 15 - 
A5 17- 
A7 19 - 


- 2 CAS 

- 4 DQ4 
-6 DQ1 

- 8 WE 

- 10 NC 

- 12 A1 
-14 A3 

- 16 A4 

- 18 A6 
^ 20 A8 


20-Pin TSOP 

(R-i) 



long as CAS remains LOW (regardless of WE or RAS). This 
late WE pulse results in a RE AD- WRITE cycle. The four data 
inputs and four data outputs are routed through four pins 
using common I/O, and pin direction is controlled by WE 
and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MOD E cy cle. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
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(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 64ms, regard- 


less of sequence. The CBR and BATTERY BACKUP (BBU) 
refresh cycles will invoke the internal refresh counter for 
automatic RAS addressing. 


REFRESH 

COUNTER 


NO. 1 CLOCK 
GENERATOR 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 


NO. 2 CLOCK 
GENERATOR 


*EARLY-WRITE 
DETECTION CIRCUIT 

L 


1 

2 

D — * 

DATA OUT 




BUFFER 


( COLUMN L 
ADDRESS I 
BUFFER f 

REFRESH 

CONTROLLER 


| COLUMN 
i DECODER 

I 5,2 ; l 


SENSE AMPLIFIERS 
I/O GATING 


ROW 

ADDRESS 
BUFFERS (9) 


9 


£ o : 

O O 512 

oc q ; 


MEMORY 

ARRAY 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 
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TRUTHTABLE 


FUNCTION 

RAS 

BAS 

WE 

OE 

ADDRESSES 

DATA IN/OUT 

*R 

l C 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H— L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-*H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

H-*L 

H-*L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H->L 

L 

X 

X 

X 

X 

High-Z 
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PRELIMINARY 


MICRON 

■ TECHNOLOGY. INC 


MT4C4256 VL 
256K x 4 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +6V 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 3.3V ± 5%, T A = 0°C to 70°C ) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

3.15 

3.45 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1,0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 4.6V 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT: (Q is disabled; 0V < Vout < Vcc) 

loz 

-10 

10 

mA 


OUTPUT LEVELS 

Output High Voltage (Iout = -1 mA) 

Output Low Voltage (Iout = 2.0mA) 

VOH 

2.0 


V 


VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-10 

-12 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

1 

1 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

60 

60 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Single Address Cycling: 'RC = 'RC (MIN)) 

ICC3 

40 

35 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = X PC (MIN)) 

ICC4 

30 

25 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICG5 

40 

35 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-TOS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

40 

35 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during battery backup refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 
300ns; WE, A0-A9 and DQ = Vcc -0.2V or 0.2V (DQin may be left 
OPEN), l RC = 125ps (512 rows at 125ps = 64ms) 

ICC7 

90 

90 

pA 

3, 5, 

7, 27 
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m 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

kb 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

KB 

2 

Input/Output Capacitance: DQ 

Cio 


; 7 

KB 

2 


o 

J3 

> 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 3.3V ±5%, T A = 0°C to 70°C) 


AC CHARACTERISTICS 


-10 

-12 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

180 


210 


ns 


READ-WRITE cycle time 

*RWC 

245 


255 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

55 


60 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

t PRWC 

115 


140 


ns 


Access time from RAS 

'RAC 


100 


120 

ns 

14 

Access time from CAS 

'CAC 


30 


40 

ns 


Output Enable 

*OE 


25 


30 

ns 


Access time from column address 

X AA 


50 


60 

H!SH 

■ ■ 

Access time from CAS precharge 

'CPA 


50 


so 

isoBi 

■ ■ 

RAS pulse width 

'RAS 

100 

100,000 

120 

100,000 

■ I 

■ ■ 

RS5 pulse width (FAST PAGE MODE) 

'RASP 

100 

100,000 

120 

100,000 


I | 

RAS hold time 

'RSH 

25 


35 




RAS precharge time 

'RP 

70 


80 



|| 

CAS pulse width 

'CAS 

25 

100,000 

35 

100,000 


lljilli 

CAS hold time 

'CSH 

100 


120 


ns 


CAS precharge time 

'CPN 

10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


15 


ns 


RAS to CAS delay time 

*RCD 

25 

75 

25 

90 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


10 


ns 


Row address setup time 

V\SR 

0 


0 


ns 


Row address hold time 

t RAH 

15 


15 


ns 


RAS to column 
address delay time 

l RAD 

20 

50 

20 

60 


■a 

Column address setup time 

'ASC 

0 


0 



| 

Column address hold time 

'CAH 

20 


25 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

70 


85 


ns 


Column address to 

RAS lead time 

t RAL 

50 


60 


ns 


Read command setup time 

'RCS 

0 


0 


ns 


Read command hold time 
(referenced to CAS) 

t RCH 

0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


ns 
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■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 1 3, 23) (Vcc = 3.3V ±5%, T A = 0°C to 70°C) 


o 

D 

> 


AC CHARACTERISTICS 


1 do 

-12 | 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•OFF 

0 

25 

0 

35 

ns 

20, 26 

Output disable 

*OD 


25 


35 

ns 

26 

WE command setup time 

< wcs 

0 


0 


ns 

21 

Write command hold time 

'WCH 

20 


25 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

75 


85 


ns 


Write command pulse width 

l WP 

20 


25 


ns 


Write command to RAS lead time 

tRWL 

25 


30 


ns 


Write command to CAS lead time 

tCWL 

25 


30 


ns 


Data-in setup time 

'DS 

0 


0 


ns 

22 

Data-in hold time 

l DH 

20 


25 


ns 

22 

Data-in hold time 
(referenced to RAS) 

•dhr 

75 


90 


ns 


RAS to WE delay time 

<RWD 

130 


160 


ns 

21 

Column address 
to WE delay time 

*AWD 

80 


100 


ns 

21 

CAS to WE delay time 

*CWD 

60 


75 


ns 

21 

Transition time (rise or fall) 

t T 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


64 


64 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


ns 


CAS setup time 
(CAE-BEFORE-RAS refresh) 

'CSR 

10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

20 


20 


ns 

5 

OE hold time from WE during 

READ-MODIFY-WRITE cycle 

*OEH 

20 


20 


ns 

25 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

l ORD 

0 


0 


ns 

24 
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MT4C4256 VL 
256K x 4 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the f REF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gate and 
50pF. 

14. Assumes that 4 RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by klAC. 

18. Operation within the *RAD (MAX) limit ensures that 
tRAC (MIN) and 'CAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 


19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, *AWD and *CWD are not restrictive 
operating parameters. tWCS applies to EARLY- 
WRITE cycles. tRWD, tAWD and tCWD apply to 
READ-MODIFY-WRITE cycles. If tWCS > tWCS 
(MIN), the cycle is an EARLY- WRITE cycle, and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD > tRWD (MIN), *AWD > 
*AWD (MIN) and ^WD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE cycle, and the data output 
will contain data read from the selected cell. If neither 
of the above conditions is met, the state of data out is 
inde termin ate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE 

(OE controlled) cycle. tWCS, tRWD, *CWD and *AWD 
are not applicable in a LATE-WRIT E cycl e. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both 4 OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care," and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

27. BBU current is reduced as t RAS is reduced from its 
maximum specification during BBU cycle. 
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READ CYCLE 



EARLY-WRITE CYCLE 


'RAS 


! 'CSH , 




'rsh 


*RCD 


'CAS 


11 1 1 




\ - 


r 

*AR 




'RAD 


'RAL 


,RAH ,1 . * ASC 


. ' CAH 



J DON’T care: 
i UNDEFINED 
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FAST-PAGE-MODE EARLY-WHITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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MT4C4256 VL 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A8, WE arid OE = DON’T CARE) 



BATTERY BACK UP R EFRESH CYCLE 

(A0-A8, WE and OE = DON’T CARE) 
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HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 


(READ) (REFRESH) 



lijjjjjl UNDEFINED 
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FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 175mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 512-cycle refresh in 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Optional STATIC COLUMN access cycle 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Packages 

Plastic DIP (300 mil) 

None 

Plastic SOJ (300 mil) 

DJ 

Plastic ZIP (350 mil) 

Z 


NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 


256 K x 4 DRAM 


STATIC COLUMN 


o 

30 

> 


PIN ASSIGNMENT (Top View) 


20-Pin DIP 

(N-2) 


20-Pin ZIP 

( 0 - 1 ) 


DQ1 
DQ2 
WE 
RAS 
NC 
AO 
A1 
A2 
A3| 
Vcc ! 


J&P 

17 

16 

15 

14 

13 

12 

11 


E Vss 
DQ4 
DQ3 
3 CAS 
] OE 
] A8 
]A7 
] A6 
] A5 
] A4 


20-Pin SOJ 

(Q-i). 


OE 1 
DQ3 3 
Vss 5 
DQ2 7 
RAS 9 
AO 11 
A2 13 
Vcc 15 
A5 17 
A7 19 


2 CAS 
4 DQ4 
6 DQ1 
8 WE 
10 NC 
12 A1 
14 A3 
16 A4 
18 A6 
20 A8 



GENERAL DESCRIPTION 

The MT4C4258 is a randomly accessed solid-state mem- 
ory containing 1,048,576 bits organized in a x4 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through th e 18 a ddress bits, which are entered 9 
bits (A0 -A8) at a time. RAS is used to latch the first 9 bits and 
CAS th e latt er 9 bits. READ and WRIT E cycles are selected 
with the WE input. A lo gic H IGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRIT E cycl e, data in (D) is latched by the falling edge of 
WE or CAS, whichever occurs last. If WE goes LOW prior 
to CAS going LOW, the output pin(s ) remain open (High- 
Z) until the next CAS cycle. If WE goes LOW after data 
reaches the output pin(s), data out ( Q) is activated and 
retains the sel ected cell data as long as CA S remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins usi ng co mmon I/O 
and pin direction is controlled by WE and OE. 


STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A9) defined page boundary. After the first 
read, any column address transition will result in new data 
out. Unlike the page-mode part, which requires CAS to be 
toggled for each successive page-mode access, the STATIC 
COLUMN part allows CAS to be left L OW fo r successive 
STATIC COLUMN accesses. Returning RAS HIGH termi- 
nates the ST ATIC C OL UMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintai ning p ower and ex ecuting any RA S cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR ) or 
HIDDEN refresh) so that all 512 combinations of RAS ad- 
dresses (A0-A8) are executed at least every 8ms, regardless 
of sequence. The CBR refresh cycle will invoke the internal 
refresh counter for automatic RAS addressing. 


MT4C4258 
REV. 4/92 


1-121 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





DRAM 


MT4C4258 
256K x 4 DRAM 




FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 


o 








MEMORY 

ARRAY 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

RA5T 

CAF 

WE 

UF 

ADDRESSES 

DATA IN/OUT 

*R 

»c 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

STATIC COLUMN 

READ 

1 st Cycle 

L 

L 

H 

L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

L 

H 

L 

n/a 

COL 

Data Out 

STATIC COLUMN 

EARLY-WRITE 

1st Cycle 

L 

L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

L 

H-L 

X 

n/a 

COL 

Data In 

STATIC COLUMN 

READ-WRITE 

1st Cycle 

L 

L 

H-L 

L— H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation . . 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

h 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

l° z 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: t RC = X RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *SC = X SC (MIN)) 

ICC4 

60 

50 

40 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = *RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = >RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


5 

PF 

2 

Input Capacitance: R AS, CAS, WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


- 

7 

.. 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

185 


205 


245 


ns 


STATIC-COLUMN READ or WRITE 

‘SC 

40 


45 


55 


ns 


cycle time 










STATIC-COLUMN READ-WRITE 

'SRWC 

100 


110 


135 


ns 


cycle time 










Access time from RAS 

t RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

‘CAC 


20 


20 


25 

ns 

15 

Output Enable 

'OE 


20 


20 


25 

ns 


Access time from column address 

*AA 


35 


40 


50 

ns 


RAS pulse width 

‘RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS> pulse width (STATIC COLUMN) 

‘RASC 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


25 


ns 


RAS precharge time 

‘RP 

50 


60 


70 


ns 


CAS pulse width 

tCAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

tCSH 

70 


80 


100 


ns 


CAS precharge time 

l CPN 

10 


10 


15 


ns 

16 

CAS precharge time (STATIC COLUMN) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

! asr 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


RAS to column 

'RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

address delay time 










Column address setup time . 

‘ASC 

0 


0 


0 


ns 


Column address hold time 

‘CAH 

15 


15 


20 


ns 


Column address hold time 

'AR 

80 


90 


100 


. ns 


(referenced to RAS) 










Column address to 

‘RAL 

35 


40 


50 


ns 


RAS lead time 










Read command setup time 

•rcs 

0 


0 


0 


ns 


Read command hold time 

t RCH 

0 


0 


0 

. . ' . i 

ns 

19 

(referenced to CAS) 










Read command hold time 

tRRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

l CLZ 

0 


0 


0 

' . " .| 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5V +1 0%) 



AC CHARACTERISTICS 


_iZ 

-s 1 

-1° 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20,26 

Output disable 

'OD 


20 


20 


20 

ns 

26 

Column address hold time EARLY- 
WRITE (referenced to RAS) 

l AWR 


55 


60 


70 

ns 


WE command setup time 

*WCS 

0 


0 


0 


ns 

21 

Write command hold time 

l WCH 

15 


15 


20 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

55 


60 


75 


ns 


Write command pulse width 

'\NP 

15 


15 


20 


ns 


Write command to RAS lead time 

t RWL 

20 


20 


25 


ns 


Write command to CAS lead time 

*cwl 

20 


20 


25 


ns 


Data-in setup time 

'ds 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

55 


60 


75 


ns 


RAS to WE delay time 

*RWD 

100 


110 


130 


ns 

21 

Column address 
to WE delay time 

*AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

'CWD 

50 


55 


60 


ns 

21 

Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

9,10 

Refresh period (512 cycles) 

•REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


o 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'CHR 

15 


15 


15 


ns 

5 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

l OEH 

20 


20 


20 


ns 

25 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

*ORD 

0 


0 


0 


ns 

24 

Write inactive time 

'\N\ 

10 


10 


10 


ns 


Previous WRITE to column address 
delay time 

'l\NAD 

20 

30 

20 

35 

25 

45 

ns 


Previous WRITE to column address 
hold time 

*AHLW 

65 


75 


95 


ns 


RAS hold time referenced to OE 

t ROH 

10 


10 


10 


ns 


Output data hold time from 
column address 

'AOH 

5 


5 


5 


ns 


Output data enable from WRITE 

'OSN 

l AA + 5 


'AA + 5 


'AA + 5 


ns 


Access time from last WRITE 

'AUN 

65 


75 


95 


ns 


Column address hold time 
referenced to RAS HIGH 

'AH 

5 


5 


10 


ns 


CAS pulse width in 
STATIC-COLUMN mode 

'CSC 

*CAS 


'CAS 


'CAS 


ns 



a 

50 

> 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 'REF 
refresh requirement is exceeded. 

8. AC characteristics assume 'T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater 
than the maximum recommended value shown in this 
table, 'RAC will increase by the amount that 'RCD 
exceeds the value shown. 

15. A ssum es that 'RCD > 'RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for 'CPN. 

17. Operation within the 'RCD (MAX) limit ensures that 
'RAC (MAX) can be met. 'RCD (max) is specified as a 
reference point only; if 'RCD is greater than the 
specified 'RCD (MAX) limit, then access time is 
controlled exclusively by 'CAC. 

18. Operation within the 'RAD (MAX) limit ensures that 
'RAC (MIN) and 'CAC (MIN) can be met. 'RAD 
(MAX) is specified as a reference point only; if 'RAD 


is greater than the specified 'RAD (MAX) limit, then 
access time is controlled exclusively by 'AA. 

19. Either 'RCH or 'RRH must be satisfied for a READ 
cycle. 

20. 'OFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. 'WCS, 'RWD, 'AWD and 'CWD are not restrictive 
operating parameters. HVCS applies to EARLY- 
WRITE cycles. 'RWD, 'AWD and 'CWD apply to 
READ-MODIFY-WRITE cycles. If 'WCS > HVCS 
(MIN), the cycle is an EARLY- WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If 'RWD > 'RWD (MIN), 'AWD > 
'AWD (MIN) and 'CWD > 'CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out are 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 'WCS, 'RWD, 'CWD and 'AWD are 
not applicable in a LATE-WRITE c ycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both 'OD and 'OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after 'OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. The DQ s open during READ cycles once 'OD or 'OFF 
occur. If CAS goes HIGH first, OE becomes a don't 
care. If OE goes HIGH and CAS stays LOW, OE is not 
a don't care; and the DQs will provide the previously 
read data if OE is taken back LOW (while CAS 
remains LOW). 
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STATIC-COLUMN READ CYCLE 



Y7A DON’T CARE 
Wi UNDEFINED 
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STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS controlled) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(WE controlled) 



DONTCARE 
jjjjjjjl UNDEFINED 
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STATIC-COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



ADDR X'H-ZTZy ROW \ 
AUUrt V| L -//// C ADDRESS/ 


COLUMN ADDRESS 


l RAD , VASC t CAH 


COLUMN ADDRESS 


t AHLW | 



tAA 


! ALW f 

t l AA 

l DS -* 

1 { OW 

, t DH | t QE 


VALID 

DATA-OUT 


DON’T CARE 
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EA5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A8, WE and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 
(WE = HIGH; OE = LOW) 


(READ) 


(REFRESH) 




MT4C4258 
REV. 4/92 


1-131 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 






DRAM 


MICRON 

■ TECHNOLOGY, INC. 


MT4C4258 
256K x 4 DRAM 


I 


MT4C4258 
REV. 4/92 


1-132 


Micron Technology. Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 225mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 1,024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Plastic SOJ (300 mil) DJ 

Plastic TSOP (300 mil)* TG 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Operating Temperature, T A 

Commercial (0°C to +70°C) None 

Industrial (-40°C to +85°C) IT 

• Part Number Example: MT4C4001JDJ-6 


GENERAL DESCRIPTION 

The MT4C4001J is a randomly accessed solid-state 
memory containing 4,194,304 bits organized in a x4 configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. If WE goes LOW 
after data reaches the output pin(s). The Qs are activated 
and retain the selected cell data as long as CAS remains low 



(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY- WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CB R) or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (A0 -A9) are executed at least every 16ms, regard- 
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



DQ1 

DQ2 

DQ3 

DQ4 


OE 


Vcc 

Vss 


*NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

RA5T 

cast 

WE 

UT 

ADDRESSES 

DATA IN/OUT 

•R 


DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L— H 

ROW 

COL 

Data Out, Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H— L 

H 

L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1st Cycle 

L 

H— L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 
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MT4C4001 J 
1 MEG x 4 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss .. -IV to +7V 

Operating Temperature, T A (Ambient) .0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation ............ 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

Vih 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

li 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: { RC = *RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3, 4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: x RC = *RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = *RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3, 5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 


2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


o 

J3 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5V +1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 


Random READ or WRITE cycle time 

<RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

145 


185 


205 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 






FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

90 


95 


100 


ns 


Access time from RAS 

*RAC 


60 


70 


80 


14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Output Enable 

x OE 


15 


20 


20 


23 

Access time from column address 

'AA 


30 


35 


40 



Access time from CAS precharge 

•CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 



RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

l RSH 

15 


20 


20 




RAS precharge time 

*RP 

40 


50 


60 




CAS pulse width 

'CAS 

15 

100,000 



20 

100,000 



CAS hold time 

'CSH 

60 


70 


80 


mm 


CAS precharge time 

l CPN 

10 


10 


10 


mm 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

tRAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

t CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

X RAL 

30 


35 


40 


ns 


Read command setup time 

•rcs 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

o 


0 


0 


ns 

19 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20 
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1 TECHNOLOGY, INC. 


MT4C4001J 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V±10%) 


AC CHARACTERISTICS 


-( 

, 

3 


7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

HI 


■■ 




WE command setup time 

wcs 

0 


0 




ns 


Write command hold time 

WCH 

10 


15 


15 


mmt 


Write command hold time 

’WCR 

45 






mm 


(referenced to RAS) 








■■ 


Write command pulse width 

t W P 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 




20 


ns 


Write command to CAS lead time 

<CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

t>H 

10 


15 


15 


ns 

22 

Data-in hold time 

>DHR 

45 








(referenced to RAS) 










RAS to WE delay time 

>RWD 

65 


100 


110 


ns 

21 

Column address 

*AWD 

60 








to WE delay time 










CAS to WE delay time 

•CWD 

45 




50 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 


3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

*REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

10 


10 






(CA5-BEF0RE-RAS refresh) 










CAS hold time 

•CHR 

15 


15 





5 

(^AS-BEFORE-RAS refresh) 










WE hold time 

Wrh 

10 


10 


10 



25,28 

(CAS-BEFORE-RAS refresh) 










WE setup time 

wrp 

10 


10 




ns 

25,28 

(CAS-BEFORE-RAS refresh) 










Wj^^^mmmmmm 




10 






m m 










WE setup time 

■ ■ 



10 






(WCBR test cycle) 

he 









OE setup prior to RAS during 


0 


0 


0 




HIDDEN REFRESH cycle 

■ 









Output disable 

■SIS 


15 


o 

CM 


20 


27 

OE hold time from WE during 




20 





26 

READ-MODIFY-WRITE cycle 

mm 
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MT4C4001J 
1 MEG x 4 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

1 1 . If CA S = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. A ssum es that *RCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the 4 RCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
tRAC (MIN) and 4 C AC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 


19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tQFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, tAWD and 4 CWD are not restrictive 
operating parameters. tWCS applies to EARLY- 
WRITE cycles. tRWD, *AWD and *CWD apply to 
READ-MODIFY-WRITE cycles. If tWCS > tWCS 
(MIN), the cycle is an EARLY- WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD > tRWD (MIN), *AWD > 
*AWD (MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the sta te of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. tWCS, tRWD, tCWD and *AWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referen ced t o CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. tWTS and tWTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of tWRP and l WRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after toEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQs open during READ cycles once *OD or t OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

28. JEDEC test version only. 
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FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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KA5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CA^-BEFORE-WAS refresh cycle 

(A0-A9, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 



Y/A DON’T CARE 


UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro- 
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The m ost co mmonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 


POWER-UP 

The 4 Meg JEDEC test mode constraint may introduce 
another problem. The 1 Meg POWER-UP cycle requires a 
IOOjis delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLY or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 

1. The 1 Meg CBR REFRESH allows the WE pin to be 
"don't care" while the 4 Meg CBR requires WE to be 
HIGH. _ 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS- 
ONLY or CBR REFRESH cycles (WE held HIGH). 



COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 1 MEG x 4 DRAM 

LOW POWER, 

EXTENDED REFRESH 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• 1,024-cycle extended refresh distributed across 128ms 

• Low power, lmW standby; 225mW active, typical 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Plastic SOJ (300 mil) DJ 

Plastic TSOP (300 mil)* TG 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4001JDJ-6 L 

GENERAL DESCRIPTION 

The MT4C4001J L is a randomly accessed solid-state 
memory containing 4,194,304 bits organized in a x4 configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latt er 10 bits. READ and WRITE cycles are 
selected with the WE input. A lo gic H IGH on WE dictates 
READ mode while alogic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of WE or CAS, whichever occurs last. If WE goes LOW 
prior to CAS going LOW, the output pin(s) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the output pins, the outputs (Qs) are activated 
and retain the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common 1/ O, 
and pin direction is controlled by WE and OE. 



FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different colum n addr esses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE op eratio n. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR), 
BATTERY BAC KUP or HIDDEN refresh) so that all 1,024 
combinations of RAS addresses (A0 -A9) are executed at least 
every 128ms, regardless of sequence. The CBR refresh cycle 
will invoke the internal refresh counter for automatic RAS 
addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE 



•NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

RAS 

CAS 

WE" 

or 

ADDRESSES 

DATA IN/OUT 


*C 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-+L 

L-H 

ROW 

COL 

Data Out, Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-*L 

L-H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

H-L 

H— L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-*H— L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H— L 

L 

H 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

h 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

200 

200 

200 

pA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = l PC (MIN)) 

ICC4 

80 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = ‘RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = 'RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = 'RAS (MIN) to 
300ns; WE = Vcc -0.2V; A0-A9 and Din = Vcc - 0.2V or 0.2V 
(Din may be left open), *RC = 125ps (1,024 rows at 125ps = 128ms) 

ICC7 

300 

300 

300 

pA 

3, 5, 

7, 28 
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o 

30 

> 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


- 

6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

toWC 

145 


185 


205 


ns 


FAST-PAGE-MODE 

'PC 

40 


40 


45 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

l PRWC 

90 


95 


100 


ns 


READ-WRITE cycle time 










Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Output Enable 

x OE 


15 


20 


20 

ns 

23 

Access time from column address 

X AA 


30 


35 


40 

ns 


Access time from CAS precharge 

X CPA 


35 


40 


45 

ns 


RAS pulse width 

X RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

to ASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

toSH 

15 


20 


20 


ns 


RAS precharge time 

toP 

40 


50 


60 


ns 


CAS pulse width 

X CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

toSH 

60 


70 


80 


ns 


CAS precharge time 

X CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

toRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

toAH 

10 


10 


10 


ns 


RAS to column 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 

WR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

toAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

toCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

toRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

X CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

x OFF 

0 

15 

0 , 

20 

0 

20 

ns 

20 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vce = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

WE command setup time 

*WCS 

0 


o 


0 


ns 

21,27 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

'WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*rwl 

15 


20 


20 


ns 


Write command to CAS lead time 

’CWL 

15 


20 


20 


ns 


Data-in setup time 

X DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

10 


15 


15 


ns 

22 

Data-in hold time 

! dhr 

45 


55 


60 


ns 


(referenced to RAS) 










RAS to WE delay time 

*RWD 

90 


100 


110 


ns 

21 

Column address 

l AWD 

60 


65 


70 


ns 

21 

to WE delay time 










CAS to WE delay time 

*CWD 

45 


50 


50 


ns 

21 

Transition time (rise or fall) 

<T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1024 cycles) 

*REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

X RPC 

0 


0 


0 


ns 


CAS setup time 

’CSR 

10 


10 


10 


ns 

5 

(CAS- BE FORE- RAS refresh) 










CAS hold time 

*CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

*WRH 

10 


to 


10 


ns 

25 

(CAS-BEFORE-RAS refresh) 










WE setup time 

l WRP 

10 


10 


10 


ns 

25 

(CAS-BEFORE-RAS refresh) 










WE hold time 

{ \NJH 

10 


10 


10 


ns 

25 

(WCBR test cycle) 










WE setup time 

X \NJS 

to 


10 


10 


ns 

25 

(WCBR test cycle) 










OE setup prior to RAS during 

x ORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 










Output disable 

x OD 


15 


20 


20 

ns 

27 

OE hold time from WE during 

'OEH 

15 


20 


20 


ns 

26 

READ-MODIFY-WRITE cycle 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

1 1 . If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. A ssume s that ‘RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for t CFN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. l RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
tRAC (MIN) and *CAC (MIN) can be met. *RAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified *RAD (MAX) limit, then 
access time is controlled exclusively by tAA. 


19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, tAWD and *CWD are not restrictive 
operating parameters. HVCS applies to EARLY- 
WRITE cycles. 4 RWD, *AWD and *CWD apply to 
READ-MODIFY-WRITE cycles. If *WCS > HVCS 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If *RWD > tRWD (MIN), *AWD > 
tAWD (MIN) and tCWD > tCWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
inde termin ate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. tWCS, tRWD, tCWD and LAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. tW TS an d tWTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of tWRP and *WRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQ s open during READ cycles once *OD or ’OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previ ously read data if OE is taken back LOW (while 
CAS remains LOW). 

28. BBU current is reduced as ’RAS is reduced from its 
maximum specification during the BBU cycle. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



*'PC is for LATE-WRITE only. M undefined 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A9, and OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9, and OE = DON’T CARE) 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 


o 

30 

> 


The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro- 
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 


REFRESH 

The m ost co mmonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the o ther hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 


POWER-UP 

The 4 Meg JEDEC test mode constraint may introduce 
another problem. The 1 Meg POWER-UP cycle requires a 
lOOjis delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLY or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 

1. The 1 Meg CBR REFRESH allows the WE pin to be 
"don't care" while the 4 Meg CBR requires WE to be 
fflGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS- 
ONLY or CBR REFRESH cycles (WE held HIGH). 



Y/h dont care 


COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 1 MEG x 4 DRAM ■ 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 225mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 1,024-cycle refresh distributed across 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
and HIDDEN 

• STATIC COLUMN access cycle 

OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access -8 


• Packages 

Plastic SOJ (300 mil) DJ 

Plastic ZIP (350 mil) Z 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4003JDJ-7 


GENERAL DESCRIPTION 

The MT4C4003J is a randomly accessed solid-state 
memory containing 4,194,304 bits organized in a x4 configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a W R ITE cy cle, data in (D) is latch ed by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High-Z) until the next CAS cycle. If WE goes LOW 
after data reaches the output pin(s), data out (Q) is activated 
and retains the selected cell data as long as CAS remains LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. The four data inputs and four data 
outputs are routed through four pins using common I/O 
and pin direction is controlled by WE and OE. 


STATIC COLUMN 


PIN ASSIGNMENT (Top View) 


20-Pin SOJ 

(N-2) 


20-Pin ZIP 

( 0 - 1 ) 


dqi :j_ 

DQ2 E 2 
WE : 3 
RAS L 4 


26 ] Vss 
25 3 DQ4 
24 ] DQ3 
23 3 CAS 
22 ] OE 


A0 C 
A1 C 
A2 [ 
A3 C 


Vcc □ 13 


18 3 A8 
17 ] A7 
16 ] A6 
15 3 A5 
14 3 A4 


OE 1 
DQ3 3 
Vss 5 
DQ2 7 
RAS 9 
AO 11 
A2 13 
Vcc 15 


A5 17 -i 
A7 19 -i* 


2 

4 

6 

8 

10 

12 

14 

16 

18 

20 


CAS 

DQ4 

DQI 

WE 

A9 

A1 

A3 

A4 

A6 

A8 


a 

u 

> 


STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A9) defined page boundary. After the first 
read, any column address transition will result in new data 
out. Unlike the page-mode part, which requires CAS to be 
toggled for each succes sive pa ge-mode access, the STATIC 
COLUMN part allows CAS to be left low for successive 
STATIC COLUMN accesses. Returning RAS HIGH termi- 
nates the ST ATIC C OLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CB R) or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (A0 -A9) are executed at least every 16ms, regard- 
less of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

STATIC COLUMN 



•NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 


TRUTH TABLE 


FUNCTION 

RAS 

EA? 

m 

UE 

ADDRESSES 

DATA IN/OUT 

*R 

'c 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-+L 

L-H 

ROW 

COL 

Data Out, Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

L 

H 

L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

L 

H 

L 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 
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^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

li 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = tRC (MIN)) 

ICC3 

100 

90 

mA 

3,4 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'SC = 'SC (MIN)) 

ICC4 

70 

60 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

100 

90 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

100 

90 

mA 

3,5 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

pF 

2 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vcc = 5.V ±1 0%) 


AC CHARACTERISTICS 


- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


ns 


READ-WRITE cycle time 

'RWC 

185 


205 


ns 


STATIC-COLUMN 

'SC 

40 


45 


ns 


READ or WRITE cycle time 








STATIC-COLUMN 

'SRWC 

100 


110 


ns 


READ-WRITE cycle time 








Access time from RAS 

'RAC 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


20 


20 

ns 

15 

Output Enable 

l OE 


20 


20 

ns 

23 

Access time from column address 

l AA 


35 


40 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

tRASC 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

t RSH 

20 


20 


ns 


RAS precharge time 

*RP 

50 


60 


ns 


CAS pulse width 

’CAS 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

’CSH 

70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


ns 

16 

CAS precharge time (STATIC COLUMN) 

*CP 

10 


10 


ns 


RAS to CAS delay time 

t RCD 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

l CRP 

10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


ns 


RAS to column 

*RAD 

15 

35 

15 

40 

ns 

18 

address delay time 








Column address setup time 

'ASC 

0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


ns 


Column address hold time 

V\R 

75 


85 


ns 


(referenced to RAS) 








Column address to 

t RAL 

35 

i 

40 


ns 


RAS lead time 








Read command setup time 

! RCS 

0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


ns 

19 

(referenced to CAS) 








Read command hold time 

tRRH 

o 


0 


ns 

19 

(referenced to RAS) 








CAS to output in Low-Z 

l CLZ 

0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

ns 

20 

Column address hold time 

l AWR 

55 


60 


ns 


(referenced to RAS) 








WE command setup time 

l WCS 

0 


0 


ns 

21,27 

Write command hold time 

tWCH 

15 


15 


ns 


Write command hold time 

*WCR 

55 


60 


ns 


(referenced to RAS) 








Write command pulse width 

*WP 

15 


15 


ns 


Write command to RAS lead time 

l RWL 

20 


20 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13, 23) (Vcc = 5V +1 0%) 


AC CHARACTERISTICS 


-1 

1 ± 

! 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command to CAS lead time 

l CWL 

20 


20 


ns 


Data-in setup time 

{ DS 

0 


0 


ns 

22 

Data-in hold time 

X DH 

15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

l DHR 

55 


60 


ns 


RAS to WE delay time 

l RWD 

100 


110 


ns 

21 

Column address 
to WE delay time 

l AWD 

65 


70 


ns 

21 

CAS to WE delay time 

l CWD 

50 


50 


ns 

21 

T ransition time (rise or fall) 

X T 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

t REF 


16 


16 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

X CHR 

15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

l WRH 

10 


10 


ns 

25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

l WRP 

10 


10 


ns 

25 

WE hold time 
(WCBR test cycle) 

l WTH 

10 


10 


ns 

25 

WE setup time 
(WCBR test cycle) 

l WTS 

10 


10 


ns 

25 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

'ORD 

0 


0 


ns 


Output disable 

•OD 


20 


20 

ns 

27 

OE hold time from WE during 

READ-MODIFY-WRITE cycle 

*OEH 

20 


20 


ns 

26 

Write inactive time 

•Wl 

10 


10 


ns 


Previous WRITE to column address 
delay time 

*LWAD 

20 

30 

20 

35 

ns 


Previous WRITE to column address 
hold time 

l AHLW 

65 


75 


ns 


RAS hold time referenced to OE 

t ROH 

10 


10 


ns 


Output data hold time from 
column address 

*AOH 

5 


5 


ns 


Output data enable from WRITE 

'ow 

t AA + 5 


l AA + 5 


ns 


Access time from last WRITE 

V\LW 

65 


75 


ns 


Column address hold time 
referenced to RAS HIGH 

*AH 

5 


10 


ns 


CAS pulse width in 

STATIC-COLUMN mode 

'CSC 

'CAS 


'CAS 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume 4 T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < t RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAG (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by *AA. 


19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, tAWD and tCWD are not restrictive 
operating parameters. tWCS applies to EARLY- 
WRITE cycles. tRWD, l AWD and *CWD apply to 
READ-MODIFY-WRITE cycles. If tWCS > tWCS 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit through out 
the entire cycle. If tRWD > tRWD (MIN), *AWD > 
tAWD (MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out are 
inde termin ate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. tWCS, tRWD, f CWD and *AWD are 
not applicable in a LATE- WRITE c ycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. tWTS and tWTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of tWRP and *WRH in the 
CBR refresh cycle. 

26. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both 4 OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

27. The DQ s open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



STATIC-COLUMN READ CYCLE 



^ DON’T CARE 
^ UNDEFINED 
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STATIC-COLUMN EARLY-WHITE CYCLE 

(CAS Controlled) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(WE Controlled) 



Y/X DON'T CARE 
H UNDEFINED 
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STATIC-COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 


RAS 



MB 


COLUMN ADDRESS 


t RAD . t ASC t c 


COLUMN ADDRESS 


V|H 

CAS v|l_ 


° e vir3 


Vahlw I 



_J to E^_ 

tCAC 

*AA t0D " 


t t AA J'c® 

t DS - I 

*OW 

, t DH | t 0E 


VALID 

DATA-OUT 


VALID 

DATA-OUT 


DON’T CARE 


UNDEFINED 
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"RA5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A9, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro- 
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 

The m ost co mmonly used refresh mode of the 1 Meg is 
the CBR (CAS-BEFORE-RAS) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the o ther hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC specified test mode (WCBR). 


POWER-UP 

The 4 Meg JEDEC test mode constraint may introduce 
another problem. The 1 Meg POWER-UP cycle requires a 
lOOps delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS-ONLY or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 

1. The 1 Meg CBR REFRESH allows the WE pin to be 
"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2 . The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Me g ma y only use RAS- 
ONLY or CBR REFRESH cycles (WE held HIGH). 
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1 MEG x 4 DRAM 

QUAD CAS PARITY, 

FAST PAGE MODE 


FEATURES __ 

• Four independent CAS controls, allowing individual 
manipulation to each of the four data Input/Output 
ports (DQ1 through DQ4). 

• Offers a single chip solution to byte level parity for 36- 
bit words when using 1 Meg x 4 DRAMs for memory 

• Emulates write-per-bit, at design-in level, with 
simplified timing constraints 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3m W standby; 225mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• 1,024-cycle refresh in 16ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 

• Packages 

Plastic SOJ (300 mil) DJ 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Part Number Example: MT4C4004JDJ-7 

GENERAL DESCRIPTION 

The MT4C4004J is a randomly accessed solid-state 
memory containing 4,194,304 bits organized in a x4 con- 
figuration. T his 1 Meg x 4 DRAM is unique in that each 
CAS (CAS1 through CAS4) controls its corresponding data 
I/O port in conjunction with OE (eg. CAS1 controls DQ1 
I/O p ort, CAS2 controls DQ2, CAS3 controls DQ3 and 

CAS4 controls DQ4). 

The best way to view the Quad CAS function is to imag- 
ine the CAS inputs going into an AND gate to obtain an 
internally generated CAS si gnal functioning in an identical 
manner to the single CAS input on a sta ndard 1 Meg x 4 
DRAM device. The key difference is each CAS controls its 
corresponding DQ tristate logic (in conjunction with OE 
and WE) on the Quad CAS DRAM. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A9 ) at a t ime. RAS is used to latch the first 10 bits, 
and the first CAS is used to latch the latter 10 bits. READ and 


MARKING 

- 7 

- 8 
-10 


PIN ASSIGNMENT (Top View) 
24-Pin SOJ (Q-2) 


3 Vss 
3 DQ4 
3 DQ3 
3 CAS4 
3 OE 
3 CAS3 

3 NC 
3 A8 
3 A7 
3 A6 
3 A5 
3 A4 



WRITE cycles are selected with the WE input. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. 

During a WRITE cycle, data-in (Dx) is latched by the 
falling edge of WE or the first CAS, whichever occurs last. 
If WE goes LOW prior to the first CAS going LO W, the 
output pin(s) remain open (High-Z) until the next CAS 
cycle. If WE goes LOW after data reaches the output buffer, 
data out (Q) is activated and retains the selected cell data 
until the trailing edge of its corresponding CAS occurs 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle (OE switching the device from a READ 
to a WRITE function). The four data inputs and four data 
outputs are routed through four pins using common I/O, 
with pin direction controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0- A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by the first CAS. CAS may be toggled-in by holding 
RAS LOW and strobing-in different column addresses, 
thus executing faster memory cycles. Returning RAS HIGH 
terminates the FAST PAGE MODE operation. 

Returning RAS and all four CAS controls HIGH termi- 
nates a memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned for 
the next cycle during the RAS high time. Memory cell data 
is retained in its correct state by maintaining power and 
executing any RAS cycle (READ, WRITE, RAS-ONLY, 
CAS-BEFORE-RAS ( CBR) o r HIDDEN refresh) so that all 
1,024 combinations of RAS addresses (A0-A9) are executed 
atleast every 16ms, regardless of sequence. The CBR refresh 
cycle will invoke the internal refresh counter for automatic 
RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 

QUAD CAS 



*NOTE: WE LOW prior to first CAS LOW, EW detection circuit output is a 1 . 
Firs t CAS LOW while WE HIGH, EW detection circuit output is a 0, 
(OE will now determine I/O). 


TRUTH TABLE 


FUNCTION 

ns? 

£fl5x 

CASy 

WE" 

UF 

ADDRESSES 

DQx 

*R 

tc 

(DQy always High-Z) 

Standby 

H 

H^X 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

H 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

: L V : ' 

H-L 

H 

H 

L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

H 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

H->L 

H 

H—L 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

- 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

H 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss .....-1V to +7V 

Operating Temperature, T A (Ambient) ......... 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied . 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1. 3. 4, 6, 7) (Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

■7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2.5 

2.5 

2.5 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

26 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC= l RC (MIN)) 

ICC3 

100 

90 

80 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: t PC= 'PC (MIN)) 

ICC4 

70 

60 

50 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC= 'RC (MIN)) 

ICC5 

100 

90 

80 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: t RC= l RC (MIN)) 

ICC6 

100 

90 

80 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 




Input Capacitance: A0-A9 

Cu 


5 

PF 

2 

Input Capacitance: RAS, CAS1 -4, WE, (5E 

Cl2 


7 

mm 

2 

Input/Output Capacitance: DQ 

Cio 


7 

■a 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V±10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

185 


205 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


45 


55 


ns 

31 

FAST-PAGE-MODE READ-WRITE 
cycle time 

l PRWC 

95 


100 


115 


ns 

31 

Access time from RAS 

t RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

•CAC 


20 


20 


25 

ns 

15, 29 

Output Enable 

{ 0E 


20 


20 


25 

ns 

33 

Access time from column address 

<AA 


35 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


50 

ns 

29 

RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


TtA5 pulse width (FAST PAGE MODE) 

'RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 


25 


ns 

27 

RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 

34 

CAS hold time 

'CSH 

70 


80 


100 


ns 

28 

CAS precharge time 

tCPN 

10 


10 


15 


ns 

16, 32 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 

32 

RAS to CAS delay time 

! RCD 

20 

50 

20 

60 

25 

75 

ns 

17, 27 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 

28 

Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

l RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 

27 

Column address hold time 

tCAH 

15 


15 


20 


ns 

27 

Column address hold time 
(referenced to RAS) 

*AR 

55 


60 


70 


ns 


Column address to 

RAS lead time 

t RAL 

35 


40 


50 


ns 


Read command setup time 

! RCS 

0 


0 


0 


ns 

27 

Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19,28 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 

29 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

20, 29, 38 

Output disable 

'OD 


20 


20 


20 

ns 

34, 38 

WE command setup time 

>WCS 

0 


0 


0 


ns 

21,27 

Write command hold time 

*WCH 

15 


15 


20 


ns 

36 

Write command hold time 

MM j 

55 


60 


75 


ns 


(referenced to RAS) 

mm 









Write command pulse width 

WESEM& 

15 


15 


20 


ns 


Write command to RAS lead time 


20 


20 


25 


ns 


Write command to CAS lead time 


20 


20 


25 


ns 

28 

Data-in setup time 

*DS 

0 


0 


0 


ns 

22, 29 

Data-in hold time 

•DH 

15 


15 


20 


ns 

22, 29 

Data-in hold time 

‘DHR 

55 


60 


75 


ns 


(referenced to RAS) 










RAS to WE delay time 

*RWD 

100 


110 


130 


ns 

21 

Column address 

*AWD 

65 






ns 

21 

to WE delay time 










CAS to WE delay time 

*CWD 

50 


55 


60 


ns 

21,27 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

‘RPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

10 


10 


10 


ns 

5, 27 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

l CHR 

15 


15 


15 


ns 

5, 28 

(CAS-BEFORE-RAS refresh) 










Last CAS going LOW to first CAS 

tCLCH 

10 


10 


10 


ns 

30 

to return HIGH 










OE hold time from WE during 

tOEH 

20 


20 


20 


ns 

37 

READ-MODIFY-WRITE cycle 










OE setup prior to RAS during 

tQRD 

0 


0 


0 


ns 


HIDDEN refresh cycle 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial lOOps pause is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the tREF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CASx - Vih, data output (Qx) is High-Z. 

12. If CASx = Vil, Qx may contain data from the last valid 
READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that tRCD > *RCD (MAX). 

16. If at least one CAS is LOW at the falling edge of RAS, 
Q will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, all four 
CAS controls must be pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified l RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the 4 RAD (MAX) limit ensures that 
l RAC (MIN) and *C AC (MIN) can be met. *RAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified *RAD (MAX) limit, then 
access time is controlled exclusively by *AA. 


19. Either tRCH or *RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, tAWD and tCWD are restrictive 
operating parameters in EARLY-WRITE and READ- 
WRITE cycles only. If HVCS > *WCS (MIN), the cycle 
is an EARLY-WRITE cycle and the data output will 
remain an open circuit throughout the entire cycle. If 
tRWD > tRWD (MIN), *AWD > *AWD (MIN) and 
t CWD > t CWD (MIN), the cycle is a READ-WRITE 
cycle, and the data output will contain data read from 
the selected cell. If neither of the above conditions is 
met, the state of data out are ind eterm inate. OE held 
HIGH and WE taken LOW after CAS goes LOW 
results in a LATE- W RITE ( O E co ntrolled) cycle (at 
access time and until CAS or OE goes back to Vih). 

22. These parameters are referenced to CA Sx leading 
edge in EARLY-WRITE cycles and WE leading edge 
in LATE-WRITE or READ-WRITE cycles. 

23. If OE is tied permanently LOW, READ- WRITE or 
RE AD-MODIFY- WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. One to three CAS controls may be HIGH throughout 
any given CAS cycle, even though the timing wave- 
forms show all CAS controls going LOW. If any one goes 
LOW, it must meet all the timing requirements listed, or 
the data for that I/O buffer may be invalid. At least one 
of the four CAS controls must be LOW for a valid CAS 
cycle to occur. 

26. All other inputs at Vcc -0.2V. 

27. The firs t CAS x edge to transition LOW. 

28. The last CASx edge to transition HIGH. 

29. Output parameters (DQx) are r eferenc ed to co rre- 

sponding CASx input; DQ1 by CAS1, DQ2 by CAS2, 
etc. 

30. Last fallin g CAS x edge to first rising CASx edg e. 

31. Last rising CASx edge to next cycle's last rising CASx 
edge. 

32. Last rising CASx edge to first fal ling C ASx edge. 

33. First DQx controlled by the firs t CAS x to go LOW. 

34. Last DQx controlled by the last CASx to go HIGH. 

35. Each CASx must meet minimum pulse width. 

36. Last CASx to go LOW. 
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NOTES (continued) 

37. LATE-WRITE and READ-MODIFY-WRITE cycles 
must meet both *OD and *OEH (OE HIGH during 
WRITE cycle) to ensure that the output buffers will be 
open during the WRITE cycle. The DQs will provide 
the previously read data if CAS remains LOW and O E 
is taken back LOW after kDEH is met. If the last CASx 
goes HIGH prior to OE going back LOW, the DQs 
will remain open. 


38. The DQs will open during READ cycles once *OD or 
tOFF occur. If the last CASx goes HIGH first, OE 
becomes a "don't care." If OE goes HIGH and CASx 
stays LOW, OE is not a "don't care;" and the DQs will 
provide the previously read data if OE is taken back 
LOW (while CASx remains LOW). 


MT4C4004J 
REV. 4/92 


1-175 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


■ DRAM 




MT4C4004J 
1 MEG x 4 DRAM 





MICRON 

■ TECHNOLOGY. INC. 


MT4C4004J 
1 MEG x 4 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 
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FAST-PAGE-MODE EARLY-WHITE CYCLE 



- 'RAD , 




COLUMN 

{ CWL 

t *WCH | 

'WP 


'WCR I 1 
t DHR 1 | 


*WCS | 

1 *WCH 

■* H 

' ''WP 




I 22!^! Wwm 

( 1 I *CWL > | 

{ WCS m | I *WCH # I 


'RWL 

'PS .'PH 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



COLUMN ^ 
I 'RWP 


J RW U 

I—- *CWL 
_► U-t W p 





— 

H-'OP ' 

f^r- 

1^ 




l OE^" 


. "i 
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r 

^‘PH 






1- 

t OD 


] DON’T CARE 
1 UNDEFINED 


| FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 
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RAg-ONLY REFRESH CYCLE 

(ADDR = A0-A9; WE and OE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A9, OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

(WE = HIGH. OE = LOW) 

(READ) (REFRESH) 



V7\ DON’T CARE 


m UNDEFINED 

H FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 
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QUAD CAS MODULE UPGRADE 

The MT4C4004J (Quad CAS DRAM) was developed to 
supersede the 1 Meg DRAMs used in the current 1 Meg and 
2 Meg x 36 DRAM modules and to add leading-edge CMOS 
30 performance. The MT4C4004J is a 1 Meg x 4 CMOS FAST- 
^ PAGE-MO DE DR AM with four CAS input controls . The four 
individual CAS inputs allow each I/O buffer (DQ) to be 
separately controlled, just as if there were four separate 1 
Meg x 1 DRAMs. Most 1 Meg x 1 DRAMs use older CMOS 
technology and do not have the access speeds of the newer 
CMOS 4 Meg (lMegx4). 

The MT4C4004J reduces chip count on x36 modules; 
improving reliability, reducing power consumption and 


lowering cost. In the 1 Meg x 36, four 1 Meg x 1 DRAMs are 
replaced by either o ne or two Q uad CAS DRAMs, depending 
on whether RASO and RAS1 must be separate or connected. 
In the 2 Meg x 36, eight 1 Meg x 1 DRAMs are replaced by 
either two or four Quad C AS DR AMs, depending on 
whether RASO, RAS1, RAS2, and RAS3 must be split or con- 
nected. 

The current 1 Meg x 36 DRAM Module is shown with 
256K x 1 DRAMs in Figure 1 below. Figures 2 and 3 show 
how the same module will be realized with the Quad CAS 
DRAM for both the split RAS (Figure 2) and the common 
RAS (Figure 3) modules. 




DQO 


DQ8 


DQ9 


DQ17 



U1, U2, U4, U5, U7, U8, U10, U11 = MT4C4001JDJ 
U3, U6, U9, U12 = MT4C1 024DJ 


Figure 1 

1 MEG x 36 WITH 1 MEG x 1 FOR PARITY BIT 
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QUAD CAS ENHANCED x36 MODULES 


DQO 


DQ8 


DQ9 


DQ17 



U1, U2, U4, U5, U6, U7, U8, U9 = MT4C4001JDJ 
U3 = MT4C4004JDJ 


Figure 2 

1 MEG x 36 WITH QUAD CAS FOR PARITY BIT AND SPLIT RAS CONTROL 
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U1, U2, U4-U9 - MT4C4001 JDJ 
U3 = MT4C4004JDJ 


Figure 3 

1 MEG x 36 WITH QUAD CAS FOR PARITY BIT AND COMMON RAS CONTROL 
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MT4C4M4A1/B1 
4 MEG x 4 DRAM 


DRAM 4 MEG x 4 DRAM 

5.0V FAST PAGE MODE 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single power supply : +5V ±10% 

• Low power, 3mW standby; 325mW active, typical (Al) 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 2,048-cycle refresh distributed across 32ms or 
4,096-cycle refresh distributed across 64ms 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 

• Packages 

Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 


MARKING 

- 6 

- 7 

- 8 

DJ 

TG 


NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 


Military Data Book. 


Refresh Period 

2,048 cycles @ 32ms, 

11 Row Addresses 

MT4C4M4B1 

4,096 cycles @ 64ms, 

MT4C4M4A1 

12 Row Addresses 


Operating Temperature, T A 

Commercial (0°C to +70°C) 

None 


GENERAL DESCRIPTION 

The MT4C4M4A1/B1 are randomly accessed solid-state 
memories containing 16,777,216 bits organized in a x4 
configuration. The MT4C4M4A1 and MT4C4M4B1 are the 
same DRAM versions except that the MT4C4M4B1 has 
2,048 cycle refresh instead of 4,096 cycle refresh. All further 
references made for the MT4C4M4A1 also apply to the 
MT4C4M4B1 unless specifically stated otherwise. For a 
device with 2,048 cycle refresh, RAS is used to latch the first 
11 bits and C AS th e latter 11 bits. For a device with 4,096 
cycle refresh, RAS is used to latch the first 12 bits and CAS 
the latter 10 bits (A10 and All are "don't care" bits). READ 
and WRITE cycles are selected with the WE input, A logic 


PIN ASSIGNMENT (Top View) 


24-Pin SOJ 

(Q-3) 


24-Pin TSOP 

(R-2) 


Vcc [ 
DQ1 C 


DQ2 I 3 
WEI 4 
RAS C 5 
A11/NC C 6 


A10C 9 
A0C 10 
Al C 11 
A2 E 12 
A3 C 13 
Vcc C 14 



3 A8 A10^ 

] A7 A0 ££ 

] A6 Al cr 

] A5 A2 cn 

] A4 A3 nz 

] Vss Vcc 11 


28 33 Vss 
27 ^ DQ4 

26 33 DQ3 

25 33 CAS 
24 33 OE 
23 33 A9 


20 3d A 8 
19 ^A7 
18 ^A6 
17 33 A5 
16 ^A4 
15 ^ Vss 


HIGH on WE dictates READ mode while a logic LOW on 
WE dictates WRITE mode. During a W RI TE cy cle, data in 
(D) is latched by the falling edge of WE or CAS, whichever 
occurs last. If WE goes LOW prior to CAS going LOW, the 
output pins remain open (High- Z) until the next CAS cycle. 
If WE goes LOW after data reaches the output pins, data out 
(Q) is activated and retains the selected cell data as long as 
CAS remains LOW (regardless of WE or RAS). This late 
WE pulse results in a READ-WRITE cycle. The four data 
inputs and the four data outputs are routed through four 
pins using common I/O, and pin direction is controlled by 
WE and OE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (A0 - A9 / 1 0) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
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4 MEG x 4 DRAM 


Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 2,048/4,096 combinations of RAS 


addresses (AO -A10/ All) are executed at least every 32ms/ 
64ms, regardless of sequence. The CBR refres h cycle will 
invoke the refresh counter for automatic RAS addressing. 

If CBR refresh is used, the number of cycles is a "don't 
care." 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE MT4C4M4B1 (1 1 Row Addresses) 






Hi 

* ! * 


$ Q 


MEMORY 

§8 

2048 

ARRAY 





DQ1 

DQ2 

DQ3 

DQ4 


OE 


Vcc 

Vss 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE MT4C4M4A1 (12 Row Addresses) 



W\ BUFFERS (10) HI 



t 

J 



NO. 1 CLOCK 
GENERATOR 




. . 


•NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 
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TRUTH TABLE 


FUNCTION 

TM 

CffiT 

WF 

OF 

ADDRESSES 

DATA IN/OUT 

*R 

*c 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 


COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 


COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

L 


COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L 

■ 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-*L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 


L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 



L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 


X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L—H— L 

L 

H 

L 

ROW 

COL 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss (5.0V) ..-1.0V to +7.0V 


Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 6.5V 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±10%), 4,096 cycle refresh 

MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 4 RC = *RC (MIN)) 

ICC3 

90 

80 

70 

mA 

3, 4, 28 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: t PC = l PC (MIN)) 

ICC4 

70 

60 

50 

mA 

3, 4, 28 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = X RC (MIN)) 

ICC5 

90 

80 

70 

mA 

3, 28 

REFRESH CURRENT: CA5-BEFORE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = ‘RC (MIN)) 

ICC6 

90 

80 

70 

mA 

3, 5, 28 


(Notes: 1 , 3, 4, 6, 7) (Vcc = 5V ±10%), 2,048 cycle refresh 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = 'RC (MIN)) 

ICC3 

120 

110 

100 

mA 

3, 4, 27 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = l PC (MIN)) 

ICC4 

90 

80 

70 

mA 

3, 4, 27 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

120 

110 

100 

mA 

3, 27 

REFRESH CURRENT: CAS-BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ! RC = 'RC (MIN)) 

ICC6 

120 

110 

100 

mA 

3, 5, 27 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 1 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


D 

30 

> 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7,8, 9, 10, 11,12, 13, 23) 


AC CHARACTERISTICS 


_ -6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

<RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

150 


180 


200 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

l PC 

40 


45 


50 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

85 


95 


100 


ns 


Access time from RAS 

t RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Output Enable 

'OE 


15 


20 


20 

ns 

23 

Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

' CPA 


35 


40 


45 

ns 


RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

imi 

60 

100,000 

70 

100,000 

80 

100,000 

ns 



iSggB 

15 


20 


20 


ns 


RAS precharge time 

■ 

40 


50 


60 


ns 


CAS pulse width 

’CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


GAS precharge time 

’CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

’CP 

10 


10 


10 


ns 


RAS to CAS delay time 

’RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 


5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'HAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

'HAL 

30 


35 


40 

1 

ns 


Read command setup time 

’RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

<CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

l OFF 

0 

15 

0 

20 

0 

20 

ns 

20 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13, 23) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

WE command setup time 

Wes 

0 


0 


0 


ns 

21,27 

Write command hold time 

WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

WCR 

45 


55 


60 


ns 


Write command pulse width 

WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 


60 


ns 


RAS to WE delay time 

*RWD 

85 


95 


105 


ns 

21 

Column address 
to WE delay time 

*AWD 

55 


60 


65 


ns 

21 

CAS to WE delay time 

*CWD 

40 


45 


45 


ns 

21 

Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048/4,096 cycles) 

'REF 


32/64 


32/64 


32/64 

ms 

26 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

5 


5 


5 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

^HR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

WRH 

10 


10 


10 


ns 

25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

WRP 

10 


10 


10 


ns 

25 

WE hold time 
(WCBR test cycle) 

Wth 

10 


10 


10 


ns 

25 

WE setup time 
(WCBR test cycle) 

wts 

10 


10 


10 


ns 

25 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

tORD 

0 


0 


0 


ns 


Output disable 

'OD 


15 


20 


20 

ns 


OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OEH 

15 


15 


15 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that tRCD < *RCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by f CAC. 


18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, *AWD and l CWD are not restrictive 
operating parameters. tWCS applies to EARLY- 
WRITE cycles. tRWD, f AWD and l CWD apply to 
READ-MODIFY-WRITE cycles. If tWCS > tWCS 
(MIN), the cycle is an EARLY- WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD > tRWD (MIN), l AWD > 
*AWD (MIN) and tCWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. tWCS, tRWD, *CWD and tAWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE 

= HIGH. 

25. tWTS and tWTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of tWRP and tWRH in the 
CBR refresh cycle. 

26. 32ms is 2,048 refresh, 64ms is 4,096 refresh. 

27. 2,048 row refresh. 

28. 4,096 row refresh. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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TtAS-ONLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A9, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 
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FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single power supply: +3.3V ±10% 

• Low power, lmW standby; 125mW active, typical (Al) 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 2,048-cycle refresh distributed across 32ms or 
4,096-cycle refresh distributed across 64ms 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 

• Packages 

Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 


MARKING 

- 6 

- 7 

- 8 


DJ 

TG 


NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 


• Refresh Period 

2,048 cycles @ 32ms, MT4LC4M4B1 

11 Row Addresses 

4,096 cycles @ 64ms, MT4LC4M4A1 

12 Row Addresses 

• Operating Temperature, T A 

Commercial (0°C to +70°C) None 

GENERAL DESCRIPTION 

The MT4LC4M4A1/B1 are randomly accessed solid- 
state memories containing 16,777,216 bits organized in a x4 
configuration. The MT4LC4M4A1 and MT4LC4M4B1 are 
the same DRAM versions except that the MT4LC4M4B1 has 
2,048 cycle refresh instead of 4,096 cycle refresh. All further 
references made for the MT4LC4M4A1 also apply to the 
MT4LC4M4B1 unless specifically stated otherwise. For a 
device with 2,048 cycle refresh, RAS is used to latch the first 
11 bits and C AS th e latter 11 bits. For a device with 4,096 
cycle refresh, RAS is used to latch the first 12 bits and CAS 
the latter 10 bits (A10 and All are "don't care" bits). READ 


4 MEG x 4 DRAM 


3.3V FAST PAGE MODE 


PIN ASSIGNMENT (Top View) 


24-Pin SOJ 

(0-3) 


Vcc C_1_ 
DQ1 C 2 
DQ2C 3 
WE T 4 
RAS t 5 
Al 1/NC C 6 


aio : 

A0 E 
Al C 
A2C 
A3 C 
VccT 


20 3 A8 
19 3 A7 
18 3 A6 
17 3 A5 
16 3 A4 
15 3 Vss 


24-Pin TSOP 

(R-2) 


3 Vss 
3 DQ4 
3 DQ3 
3 CAS 
3 OE 
3A9 


Vcc ex 
DQ1 nr 
DQ2 ex 
WEcc 
RAS x 
Al 1/NC x 


AlOcr 9 
A0 a: 10 
Al ac 11 
A2°= 12 
A3 x 13 
Vcc x 14 


28 33 Vss 
27 DQ4 
26 xi DQ3 
25 xj CAS 
24 xi OE 
23 xi A9 


20 xi A8 
19 X3A7 
18 xi A6 
17 xi A5 
16 x] A4 
15 ^ Vss 


and WRITE cycles are selected with the WE input. A logic 
HIGH bn WE dictates READ mode while a logic LOW on 
WE dictates WRITE mode. During a W RI TE cy cle, data in 
(D) is latched by the falling edge of WE or CAS, whichever 
occurs last. If WE goes LOW prior to CAS going LOW, the 
output pins remain open (High- Z) until the next CAS cycle. 
If WE goes LOW after data reaches the output pins, data out 
(Q) is activated and retains the selected cell data as long as 
CAS remains LOW (regardless of WE or RAS). This late 
WE pulse results in a READ-WRITE cycle. The four data 
inputs and the four data outputs are routed through four 
pins using common I/O, and pin direction is controlled by 
WEandOE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 -A9/ 10) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-inby RAS followed by a column ad dress s trobed-in 
by CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
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Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CBR) or 
HIDDEN refresh) so that all 2,048/4,096 combinations of RAS 


addresses (AO -A10/ All) are executed at least every 32ms/ 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 

If CBR refresh is used, the number of cycles is a "don't 
care." 


FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE MT4LC4M4B1 (11 Row Addresses) 



FUNCTIONAL BLOCK DIAGRAM 

FAST PAGE MODE MT4LC4M4A1 (1 2 Row Addresses) 







^ ». 

ROW 

DECODER 

4096 

MEMORY 

ARRAY 


« " ► 



‘NOTE: WE LOW prior to CAS LOW, EW detection circuit output is a HIGH (EARLY-WRITE) 
CAS LOW prior to WE LOW, EW detection circuit output is a LOW (LATE-WRITE) 
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TRUTH TABLE 


FUNCTION 

RAiT 

CAS 

wf 

OF 

ADDRESSES 

DATA IN/OUT 

! r 

x c 

DQ1-DQ4 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 






FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H— L 

H 

L 



Data Out 

2nd Cycle 

L 

H-L 

H 

L 

n/a 



FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H—L 

H-L 

L->H 

ROW 

COL 

Data Out, Data In 

2nd Cycle 

L 

H-L 

HH_ 

L-H 

n/a 

COL 

Data Out, Data In 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H~*L 

L 

H 

X 

X 

X 

High-Z 



a 

J3 
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■ ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss (3.3V) .. -1.0V to +4.5V 


O Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

JU Power Dissipation 1W 

Short Circuit Output Current 50mA 



^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (Vcc = 3.3V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

3.0 

3.6 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All lnputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < 3.6V 

(All other pins not under test = 0V) 

li 

-2 

. 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2mA) 

Output Low Voltage (Iout = 2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 3, 4, 6, 7) (Vcc = 3.3V ±1 0%), 4,096 cycle refresh 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

1 

1 

1 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

400 

400 

400 

pA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

60 

55 

50 

mA 

3, 4, 28 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = { PC (MIN)) 

ICC4 

40 

35 

30 

mA 

3, 4, 28 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: l RC = l RC (MIN)) 

lees 

60 

55 

50 

mA 

,3, 28 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = *RC (MIN)) 

ICC6 

60 

55 

50 

mA 

3, 5, 28 


(Notes: 1 , 3, 4, 6, 7) (Vcc = 3.3V ±10%), 2,048 cycle refresh 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

1 

1 

1 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

400 

400 

400 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = { RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3, 4, 27 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = *PC (MIN)) 

ICC4 

60 

50 

40 

mA 

3, 4, 27 

REFRESH CURRENT : RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = l RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3, 27 

REFRESH CURRENT: CAS- BEFORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3, 5, 27 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 1 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 


7 

pF 


Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


a 

n 

> 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) 


AC CHARACTERISTICS 


- 

6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

150 


180 


200 


ns 


FAST-PAGE-MODE 

'PC 

40 


45 


50 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

l PRWC 

85 


95 


100 


ns 


READ-WRITE cycle time 










Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Output Enable 

l OE 


15 


20 


20 


23 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

l CPA 


35 


40 


45 

ns 


RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RA5 pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

•CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 

1 

10 


to 


ns 


RAS to column 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


mm 


Column address hold time 

'AR 

50 


55 


60 


mm 


(referenced to RAS) 








mm 


Column address to 

l RAL 

30 


35 


40 




RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

t RCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 



. . ' 







Read command hold time 

tRRH 

0 


0 


0 

! 

ns 

19 

(referenced to RAS) 


. 








CAS to output in Low-Z 

! CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

l OFF 

0 

15 

0 

20 

0 

20 

ns 

20 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

WE command setup time 

fwcs 

0 


0 


0 


ns 

21,27 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

l WCR 

45 


55 


60 


ns 


Write command pulse width 

t W p 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

15 


20 


20 


ns 


Write command to CAS lead time 

'CWL 

15 


20 


20 


ns 


Data-in setup time 

nos 

0 


0 


0 


ns 

22 

Data-in hold time 

X DH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 


60 


ns 


RAS to WE delay time 

*RWD 

85 


95 


105 


ns 

21 

Column address 
to WE delay time 

*AWD 

55 


60 


65 


ns 

21 

CAS to WE delay time 

l CWD 

40 


45 


45 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048/4,096 cycles) 

'REF 


32/64 


32/64 


32/64 

ms 

26 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 

5 


5 


5 


ns 

5 

CAS hold time 

(CA5-BEFORE-RA5 refresh) 

'CHR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

l WRH 

10 


10 


10 


ns 

25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 

25 

WE hold time 
(WCBR test cycle) 

‘WTH 

10 


10 


10 


ns 

25 

WE setup time 
(WCBR test cycle) 

'WTS 

10 


10 


10 


ns 

25 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

•ORD 

0 


0 


0 


ns 


Output disable 

•OD 


15 


20 


20 

ns 


OE hold time from WE during 
READ-MODIFY-WRITE cycle 

tQEH 

15 


15 


15 


ns 

_ . _ i 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. Assumes that *RCD > t RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for 'CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by klAC. 


18. Operation within the *RAD (MAX) limit ensures that 
*RAC (MIN) and *CAC (MIN) can be met. l RAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by *AA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, *AWD and tCWD are not restrictive 
operating parameters. tWCS applies to EARLY- 
WRITE cycles. tRWD, tAWD and 4 CWD apply to 
RE AD-MODIFY-WRITE cycles. If tWCS > tWCS 
(MIN), the cycle is an EARLY-WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD > tRWD (MIN), *AWD > 
tAWD (MIN) and tCWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. tWCS, tRWD, *CWD and *AWD are 
not applicable in a LATE-WRITE cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE 

= HIGH. 

25. tWTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of tWRP and tWRH in the 
CBR refresh cycle. 

26. 32ms is 2,048 refresh, 64ms is 4,096 refresh. 

27. 2,048 row refresh. 

28. 4,096 row refresh. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



*'PC is for LATE-WRITE only. 0 undefined 
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RAS-ONLY refresh cycle 

(ADDR = A0-A9; WE = DON’T CARE) 


tac 

*RAS | i , <RP 



UAS-BEFORE-RAS refresh cycle 

(A0-A9, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 
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MT4C4M4D1 
4 MEG x 4 DRAM 


DRAM 4 MEG x 4 DRAM 

STATIC COLUMN 


FEATURES 

• Industry standard x4 pinout, timing, functions and 
packages 

• High-performance, CMOS silicon-gate process 

• Single power supply: +5V ±10% 

• Low power, 5mW standby; 275mW active, typical 

• All inputs, outputs and clocks are fully TTL 
compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 4,096-cycle refresh distributed across 64ms 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

- 6 

- 7 

- 8 


• Packages 

Plastic SOJ (400 mil) DJ 

NOTE: Available in die form (commercial or military) or military ceramic 
packages. Please consult factory for die data sheets or refer to Micron's 
Military Data Book. 

• Refresh Period 

4,096 cycles @ 64ms, MT4C4M4D1 

12 Row Addresses 


• Operating Temperature, T A 
Commercial (0°C to +70°C) None 


GENERAL DESCRIPTION 

The MT4C4M4D1 is a randomly accessed solid-state 
memory containing 16,777,216 bits organized in a x4 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 22 address bits, which are 
entered 10-12 bits (A0 -A ll) at a time. RAS is used to latch 
the first 12 bits and CAS the latter 10 (A10 and A1 1 are "don't 
care" bits). READ and WRITE cycles are selected with the 
WE input. A lo gic H IGH on WE dictates READ mode while 
a logic LOW on WE dictates WRITE mode. During a WRITE 
cycle , data in (D) is latched b y the falling edge of WE or 
CAS, whichever occurs last. If WE goes LOW prior to CAS 
goin g LOW , the out put p ins remain open (High-Z) until the 
next CAS cycle. If WE goes LOW after data reaches the 


PIN ASSIGNMENT (Top View) 

24-Pin SOJ 

(Q-3) 


Vcc Z 
DQ1 Z 
DQ2C 
WE t 
RAS C 
A11/NC Z 


28 1 Vss 
27 3 DQ4 
26 ] DQ3 
25 ] CAS 
24 3 OE 
23 ] A9 


A10 Z 9 
A0 E 10 
A1 Z 11 


20 3 A8 
19 3 A7 
18 3 A6 
17 3 A5 
16 3 A4 
15 3 Vss 


output pins, data out (Q) is activated and retains the selected 
cell data as long as CAS remains LOW (regardless of WE or 
RAS). This late WE pulse results in a READ- WRITE cycle. 
The four data inputs and the four data outputs are routed 
through four pins using common I/O, and pin direction is 
controlled by WE and OE. 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0 - A9) defined page boundary. After the first 
READ, any column address transition will result in new 
data out. Unlike the PAGE-MODE part, which requires 
CAS to be toggled for each successi ve PAG E-MODE access, 
the STATIC COLUMN part allows CAS to be left LO W for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the STATIC COLUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS (CB R), or 
HIDDEN refresh) so that all 4,096 combinations of RAS 
addresses (A0 -All) are executed at least every 64ms, re- 
gardless of sequence. The CBR refresh cycle will invoke the 
internal refresh counter for automatic RAS addressing. 
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WIDE DRAM PRODUCT SELECTION GUIDE 


Memory 

Optional 

Part 

Access 

Typical Power Dissipation 

Package/Number of Pins 


Configuration 

Access Cycle 

Number* 

Time (ns) 

Standby 

Active 

ZIP 

S0J 

TS0P 

Page 

512K x 8 

FP 

MT4C8512 

70, 80, 100 

3mW 

350mW 

28 

28 

28 

2-1 

51 2K x 8 

FP, WPB 

MT4C8513 

70, 80, 100 

3mW 

350mW 

28 

28 

28 

2-1 

512K x 8 

FP, LP 

MT4C8512 L 

70, 80, 100 

ImW 

350mW 

28 

28 

28 

2-15 

51 2K x 8 

FP, WPB, LP 

MT4C8513 L 

70 an inn 

imW 

350mW 

28 

28 

28 

2-15 

2 Meg x 8 

FP, 4KR 

MT4(L)C2M8A1 

60, 70, 80 

5mW 

400mW 

- 

28, 32 

28, 32 

2-31 

2 Meg x 8 

FP, 4KR, WPB 

MT4(L)C2M8A2 

60, 70, 80 

5mW 

400mW 

- 

28, 32 

28, 32 

2-31 

2 Meg x 8 

FP, 2KR 

MT4(L)C2M8B1 

60, 70, 80 

5mW 

400mW 

- 

28, 32 

28, 32 

2-47 

2 Meg x 8 

FP, 2KR, WPB 

MT4(L)C2M8B2 

60, 70, 80 

5mW 

400mW 

- 

28,32 

28, 32 

2-47 

2 Meg x 8 

FP, 4KR, S, LP 

MT4(L)C2M8A1 S 

60, 70, 80 

2mW 

400mW 

. 

28, 32 

28, 32 

2-63 

2 Meg x 8 

FP, 4KR, WPB, S, LP 

MT4(L)C2M8A2 S 

60, 70, 80 

2mW 

400mW 


28, 32 

28,32 

2-63 

2 Meg x 8 

FP, 2KR, S, LP 

MT4(L)C2M8B1 S 

60, 70, 80 

2mW 

400mW 

- 

28, 32 

28,32 

2-81 

2 Meg x 8 

FP, 2KR, WPB, S, LP 

MT4(L)C2M8B2 S 

60, 70, 80 

2mW 

400mW 

- 

28, 32 

28, 32 

2-81 

64K x 16 

FP, DW 

MT4C1664 

70, 80, 100 

3mW 

225mW 

40 

40 

40 

2-99 

64K x 16 

FP, WPB 

MT4C1665 

70, 80, 100 

3mW 

225mW 

40 

40 

40 

2-99 

64K x 16 

FP, DW, LP 

MT4C1664 L 

70, 80, 100 

ImW 

225mW 

40 

40 

40 

2-115 

64K x 1 6 

FP, WPB, LP 

MT4C1665 L 

70, 80, 100 

ImW 

225mW 

40 

40 

40 

2-115 

64K x 1 6 

SC, DW 

MT4C1670 

70, 80, 100 

3mW 

225mW 

40 

40 

40 

2-133 

64K x 1 6 

SC, WPB 

MT4C1671 

70, 80, 100 

3mW 

225m W 

40 

40 

40 

2-133 

64K x 1 6 

SC, DW, LP 

MT4C1670 L 

70,80,100 

ImW 

225mW 

40 

40 

40 

2-151 

64K x 1 6 

SC, WPB, LP 

MT4C1671 L 

70,80,100 

ImW 

225mW 

40 

40 

40 

2-151 

256K x 16 

FP, DW 

MT4C16256 

70,80,100 

3mW 

500mW 

40 

49 

40 

2-169 

256K x 1 6 

FP, DC 

MT4C16257 

70,80,100 

3mW 

500mW 

40 

40 

40 

2-169 

256K x 16 

FP, DW, WPB 

MT4C16258 

70, 80, 100 

3mW 

500mW 

40 

40 

40 

2-169 

256K x 1 6 

FP, DC, WPB 

MT4C16259 

70, 80,100 

3mW 

500mW 

40 

40 

40 

2-169 

256K x 1 6 

FP, DW, LP 

MT4C16256 L 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-191 

256K x 16 

FP, DC, LP 

MT4C16257 L 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-191 

256K x 1 6 

FP, DW, WPB, LP 

MT4C16258 L 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-191 

256K x 1 6 

FP, DC, WPB, LP 

MT4C16259 L 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-191 

256Kx 16 

FP, ASY, DW 

MT4C16260 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-213 

256Kx 16 

FP, WPB, ASY 

MT4C 16261 

70, 80, 100 

ImW 

500mW 

40 

40 

40 

2-213 

1 Meg x 16 

FP, DC 

MT4(L)C1M16C3 

60, 70, 80 

5mW 

500mW 

- 

42 

44 

2-229 

1 Meg x 16 

FP, DW 

MT4(L)C1M16C5 

60, 70, 80 

5mW 

500mW 

- 

42 

44 

2-229 

1 Meg x 16 

FP, DC, WPB 

MT4(L)G1M16C6 

60, 70, 80 

5mW 

500mW 

- 

42 

44 

2-229 

1 Meg x 16 

FP, DW, WPB 

MT4(L)C1M16C7 

60, 70, 80 

5mW 

500mW 

- 

42 

44 

2-229 

1 Meg x 16 

FP, DC, S, LP 

MT4(L)C1M16C3 S 

60, 70, 80 

2mW 

500mW 

- 

42 

44 

2-251 

1 Meg x 16 

FP, DW, S, LP 

MT4(L)C1M16C5 S 

60, 70, 80 

2mW 

500mW 

- 

42 

44 

2-251 

1 Meg x 16 

FP, DC, WPB, S, LP 

MT4(L)C1M16C6 S 

60, 70, 80 

2mW 

500mW 

- 

42 

44 

2-251 

1 Meg x 16 

FP, DW, WPB, S, LP 

MT4(L)C1M16C7 S 

60, 70, 80 

2mW 

500mW 

■ 

42 

44 

2-251 


FP = Fast Page Mode, SC = Static Column, LP = Low Power, Extended Refresh; WPB = Write Per Bit, DW = Dual WE, DC = Dual CAS, 

2KR = 2,048 Refresh, 4KR = 4,096 Refresh, S = Self Refresh, ASY = Asymmetrical Addressing 

*(L)C means device is available in both 5V Vcc (MT4CXXXXX) and 3/3.3V Vcc (MT4LCXXXXX) versions 








51 2K x 8 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard x8 pinouts, timing, functions and 
packages 


• Address entry: 10 row addresses, nine column 


28-Pin SOJ 

addresses 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 350mW active, typical 

Vcc [ 

(Q-4) 

1 

28 

• All device pins are fully TTL compatible 

DQ1 [ 

2 

27 

• 1,024-cycle refresh in 16ms 

DQ2C 

3 

26 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

DQ3 H 

4 

25 

and HIDDEN 

DQ4 E 

5 

24 

• Optional FAST PAGE MODE access cycle 

NCE 

6 

23 

• NONPERSISTENT MASKED WRITE access cycle 

We e 

7 

22 

(MT4C8513 only) 

RASE 

8 

21 


A9E 

9 

20 

OPTIONS MARKING 

AO C 

10 

19 

• Timing 

A1 C 

11 

18 

70ns access - 7 

A2E 

12 

17 

80ns access - 8 

A3 E 

13 

16 

100ns access -10 

Vcc E 

14 

15 


PIN ASSIGNMENT (Top View) 

28-Pin SOJ 28-Pin ZIP 

(Q-4) (0-3) 


Masked Write 

Not available MT4C8512 

Available MT4C8513 

Packages 

Plastic SOJ (400 mil) DJ 

Plastic TSOP (400 mil) TG 

Plastic ZIP (375 mil) Z 

NOTE: Available in die form. Please consult factory for die data sheets. 


GENERAL DESCRIPTION 

The MT4C8512/3 are randomly accessed solid-state 
memories containing 4,194,304 bits organized in a x8 
configuration. Each byte is uniquely addressed through 
the 19 address bits during READ or WRITE cycles. The 
address is entered first by RAS latching 10 bits (A0-A9) 
and then CAS latching 9 bits (A0-A8). 

The MT4C8513 has NONPERSISTENT MASKED WRITE 
allowing it to perform WRITE-PER-BIT accesses. 


28-Pin TSOP 

(R-3) 


Vcc □= 

1 

28 

X] Vss 

DQ1 n: 

2 

27 

x DQ8 

DQ2 □= 

3 

26 

X! DQ7 

DQ3 CL 

4 

25 

n DQ6 

DQ4 ex 

5 

24 

XI DQ5 

NC □= 

6 

23 

Xl CAS 

WE EX 

7 

22 

X OE 

RAS CL 

8 

21 

X NC 

A9 CL 

9 

20 

X A8 

A0 CL 

10 

19 

X A7 

A1 CL 

11 

18 

X A6 

A2 cl 

12 

17 

X A5 

A3 CL 

13 

16 

X A4 

Vcc CL 

14 

15 

X Vss 
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PIN DESCRIPTIONS 


S0J/TS0P 

PIN NUMBERS 

ZIP 

PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

8 

15 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits and strobe the WE and DQs in the MASKED 
WRITE mode (MT4C851 3 only). 

23 

2 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

7 

14 

We 

Input 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C851 3). 

22 

1 

OE 

Input 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

10-13, 16-20,9 

17,18,19, 20, 
23, 24, 25, 26, 
27, 16 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 51 2K 
available words. 

2-5,24-27 

9, 10, 11, 12, 

3, 4, 5, 6 

DQ1-DQ8 

Input 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

6, 21 

13, 28 

NC 

- 

No Connect: These pins should be either left unconnected 
or tied to ground. 

1,14 

8,21 

Vcc 

Supply 

Power Supply: +5V ±1 0% 

15, 28 

7, 22 

Vss 

Supply 

Ground 



§ 

D 
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MT4C8512/3 
512Kx8 DRAM 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 19 address 
bits during READ or WR ITE c ycles. First RAS is used to 
latch 1 0 bits (A0-A9) then CAS latches 9 bits ( A0-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or RE AD-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic H IGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by t he fa lling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cyc le, sel ecting 
DQ1 through DQ8. If WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common I/O, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
inby CAS. CAS may be toggled-inby holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 


RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) So that all 1,024 combinations of RAS 
addresses (AO -A9) are executed at least every 16ms, regard- 
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 illu strate s theM T4C8513 MASKED WRITE op- 
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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X = NOT EFFECTIVE (DON'T CARE) 


Figure 1 

MT4C8513 MASKED WRITE EXAMPLE 
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MT4C8512/3 
512K x8 DRAM 


TRUTH TABLE 


FUNCTION 

RAS 

Ztt 

m 

w 


DQs 




Standby 

H 

H—X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

m 

L 

mm 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 


L-+H 

ROW 

COL 

Data Out, Data In 

1 


1st Cycle 

L 

UQ| 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

HQ 

H 

L 

n/a 

BQ 

Data Out 


FAST-PAGE- 
MODE WRITE 

1st Cycle 

mam 

CSS 

■an 

X 

ROW 

m 

Data In 

1 

2nd Cycle 

L 

HQ 

L 

X 

n/a 

ES3 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

Hfg» 

TBM 


ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 


IBM 


n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L—H—L 

L 

L 


ROW 

COL 

Data In 


RAS-ONLY REFRESH 

L 

H 

X 


ROW 

n/a 

High-Z 


CAS-BEFORE-RA5 REFRESH 

H— L 

L 

H 

X 

X 

X 

High-Z 



NOTE: 1 . Data in will be dependent on the mask provided (MT4C851 3 only). Refer to Figure 1 . 
2. EARLY WRITE only. 
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MT4C851 2/3 
512K x8 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss . -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1 ) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout <c 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


.0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

*10 

UNITS 

NOTES 

STANDBY CURRENT: TTL 
(RAS = CAS = ViH) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = 'PC (MIN); *CP, 'ASC * 10ns) 

ICC4 

90 

80 

70 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = 'RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3 
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■ WIDE DRAM 
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MT4C8512/3 
512Kx8 DRAM 


CAPACITANCE 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 

5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 

7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < +7D°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

7 

- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

l RWC 

180 


200 


245 


ns 


FAST-PAGE-MODE READ or WRITE 

'PC 

45 


50 


55 


ns 


cycle time 










FAST-PAGE-MODE READ-WRITE 

l PRWC 

95 


100 


110 


ns 


cycle time 










Access time from RAS 

*RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Output Enable time 

l OE 


20 


20 


25 

ns 


Access time from column address 

X AA 


35 


40 


45 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


55 

ns 


RAS pulse width 

*RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 


RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

X CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

X CSH 

70 


80 


100 


ns 


CAS precharge time 

X CPH 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


RAS to column 

*RAD 

15 

35 

15 

40 

20 

55 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 

X AR 

55 


60 


75 


ns 


(referenced to RAS) 





. 

■■ 




Column address to 

'RAL 

35 


40 


55 


ns 


RAS lead time 






' ' 5 C:. V .. 




Read command setup time 

*RCS 

0 


0 


o 

i 

ns 

26 

Read command hold time 

t RCH 

0 


0 


0 


ns 

19, 26 

(referenced to CAS) 










Read command hold time 

t RRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

tCLZ 

0 


0 


0 


ns 
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= 1 - 1 * 


MT4C8512/3 
512K x 8 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1, 12, 13) (0°C < T A < +70°C; Voc = 5V +10%) 


AC CHARACTERISTICS 


-7 

- 

8 

_. _ -10 _ _ 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

15 

0 

15 

0 

20 

ns 

20, 29 

Output disable time 

*00 


15 


15 


20 

ns 

29 

Write command setup time 

1 wcs 

0 


0 


0 


ns 

21,26 

Write command hold time 

*WCH 

15 


' 15 


20 


ns 

26 

Write command hold time 

*WCR 

55 


60 


75 


ns 

26 

(referenced to RAS) 










Write command pulse width 

*WP 

10 


10 


20 


ns 

26 

Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 

26 

Write command to CAS lead time 

<CWL 

20 


20 


25 


ns 

26 

Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

15 


15 


20 


ns 

22 

Data-in hold time 

*dhr 

55 


60 


75 


ns 


(referenced to RAS) 










RAS to WE delay time 

*RWD 

95 


105 


135 


ns 

21 

Column address 

*AWD 

60 


65 


80 


ns 

21 

to WE delay time 










CAS to WE delay time 

*CWD 

45 


45 


60 


ns 

21 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

t REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

*RPC 

10 


10 


10 


ns 


CAS setup time 

*CSR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

*CHR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS refresh) 










MASKED WRITE command to RAS 

*WRS 

0 


0 


0 


ns 

26 

setup time 










WE setup time 

*WRP 

10 


10 


10 


ns 

26 

(CAS-BEFORE-RAS refresh) 










WE hold time to RAS 

*WRH 

15 


15 


15 


ns 

26 

(MASKED WRITE and 










CAS-BEFORE-RAS refresh) 


. ■ ■ 








Mask data to RAS setup time 

*MS 

0 


0 


0 


ns 

26,27 

Mask data to RAS hold time 

*MH 

15 


15 


15 


ns 

26, 27 

OE hold time from WE during 

•OEH 

20 


25 


25 


ns 

28 

READ-MODIFY-WRITE cycle 










OE setup prior to RAS during 

'ORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) befor e proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the t REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gate and 
lOOpF. 

14. Assumes that *RCD < l RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. A ssum es that t RCD > 4 RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if l RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by kZAC. 

18. Operation within the t RAD limit ensures that tRCD 
(MAX) can be met. t RAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by t AA. 


19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
Voh or Vol. 

21. hVCS, t RWD, l AWD and f CWD are restrictive 
operating parameters in LATE-WRITE and READ- 
MODIFY- WRITE cycles only. If HVCS > *WCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > tRWD (MIN), l AWD > *AWD 
(MIN) and tCWD > tCWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
cond ition s is met, the state of data out are indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY- WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY- 
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case WE = LOW and OE = 

HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as WE going LOW. 

27. MT4C8513 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after kDEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQ s open during READ cycles once 4 OD or t OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. Column address changed once while RAS = Vil and 
CAS = Vih. 
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MICRON 

m TECHNOLOGY. INC. 


MT4C8512/3 
512K x 8 DRAM 


READ CYCLE 



EARLY-WRITE CYCLE 



\77)\ DON’T CARE 

M undefined 


MOTE: 1 . Applies to MT4C851 3 only; WE and DQ inputs on MT4 C851 2 are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MICRON 

I TECHNOLOGY, ?NC- 


MT4C8512/3 
512Kx8 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1 . Applies to MT4C8513 only; WE and DQ inputs on MT4 C8512 are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MT4C8512/3 
512K x 8 DRAM 


FAST-PAGE-MODE EARLY- WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



V/j\ DON’T CARE 
f^jjSjj UNDEFINED 


MOTE: 1 . Applies to MT4C851 3 only; WE and DQ inputs on MT4 C851 2 are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MICRON 

m TECHNOLOGY, INC. 


MT4C8512/3 
512K x 8 DRAM 


Rjg-ONLY REFRESH CYCLE 

(OE and WE = DON’T CARE) 



Cag-BEFORE-lAS REFRESH CYCLE 

(A0-A9; OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) (REFRESH) 
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ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT4C8512/3 L 
51 2K x 8 DRAM 


DRAM 


51 2K x 8 DRAM 

LOW POWER, EXTENDED REFRESH 


FEATURES 

• Industry standard x8 pinouts, timing, functions and 
packages 

• Address entry: 10 row addresses, nine column 
addresses 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• Optional FAST PAGE MODE access cycle 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C8513 only) 

• 1,024-cycle refresh distributed accross 128ms 

• Low-power, lmW standby; 350mW active, typical 


DQ1 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 

• Masked Write 
Not available 
Available 


MARKING 


MT4C8512 L 
MT4C8513 L 


Packages 

Plastic SOJ (400 mil) DJ 

Plastic TSOP (400 mil) TG 

Plastic ZIP (375 mil) Z 

NOTE: Available in die form. Please consult factory for die data sheets. 

Part number example: MT4C8512DJ-7 L 


GENERAL DESCRIPTION 

The MT4C8512/3 L are randomly accessed solid-state 
memories containing 4,194,304 bits organized in a x8 
configuration. Each byte is uniquely addressed through 
the 19 address bits during READ or WRITE cycles. The 
address is entered first by RAS latching 10 bits (A0-A9) 
and then CAS latching 9 bits (A0-A8). 

The MT4C8513 L has NONPERSISTENT MASKED 
WRITE allowing it to perform WRITE-PER-BIT accesses. 


PIN ASSIGNMENT (Top View) 


28-Pin SOJ 

(CM) 


28-Pin ZIP 

(0-3) 


Li 28j 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


OE 1 :'."j 
DQ5 3 
DQ7 5 ::3 
Vss 7 :;5 
DQ1 9 ::: 
DQ3 11 
NC 13 ::i 
RAS 15 ::i 
A0 17 ::3 
A2 19 ::3 
Vcc 21 --j 
A4 23 :ii 
A6 25 ::3 
A8 27 


28-Pin TSOP 

(R-3) 


2 CAS 
----- 4 DQ6 
----- 6 DQ8 
----- 8 Vcc 
----- 10 DQ2 
----- 12 DQ4 
----- 14 WE 
--- 16 A9 
----- 18 A1 
----- 20 A3 
----- 22 Vss 
----- 24 A5 
----- 26 A7 
----- 28 NC 


Vcc CX 

1 

28 

xi Vss 

DQ1 cr 

2 

27 

X] DQ8 

DQ2 □= 

3 

26 

XI DQ7 

DQ3 DC 

4 

25 

XI DQ6 

DQ4 CX 

5 

24 

XI DQ5 

NC cx 

6 

23 

xi CAS 

WE cx 

7 

22 

X OE 

RAS cx 

8 

21 

X NC 

A9 DC 

9 

20 

X A8 

A0 cx 

10 

19 

b A7 

A1 cx 

11 

18 

X A6 

A2 cx 

12 

17 

X A5 

A3 IX 

13 

16 

±l A4 

Vcc cx 

14 

15 

X Vss 
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FUNCTIONAL BLOCK DIAGRAM 


WE o 


CAS o 


RAS , 


NO. 1 CLOCK 

tLJ 



GENERATOR 

1 




DQ1 


DQ8 


-o OE 


-o Vcc 
~o Vss 
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512K x 8 DRAM 


PIN DESCRIPTIONS 


S0J/TS0P 

PIN NUMBERS 

ZIP 

PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

8 

15 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits and strobe the WE and DQs in the MASKED 
WRITE mode (MT4C851 3 L only). 

23 

2 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

7 

14 

WE 

Input 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C851 3 L). 

22 

1 

OE 

Input 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

10-13, 16-20, 9 

17, 18, 19, 20, 
23, 24, 25, 26, 
27, 16 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 51 2K 
available words. 

2-5, 24-27 

9, 10, 11, 12, 

3, 4, 5, 6 

DQ1-DQ8 

Input 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

6,21 

13, 28 

NC 

- 

No Connect: These pins should be either left unconnected 
or tied to ground. 

1,14 

8,21 

Vcc 

Supply 

Power Supply: +5V ±1 0% 

15,28 

7, 22 

Vss 

Supply 

Ground 



D 

m 

o 

30 

> 
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MICRON 

MT4C8512/3 L 

1 ■ TECHNOLOGY. INC. 

512K x 8 DRAM | 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 19 address 
bits during READ or WR ITE c ycles. First RAS is used to 
latch 1 0 bits (A0-A9) then CAS latches 9 bits ( A0-A8). 

The CAS contro l also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. Duri ng a WRITE c ycle, data in (D) is 
latched by t he fa lling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQ1 through DQ8. If WE goes LOW prior to CAS going 
LOW , the output pin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected c ell da ta as lon g as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common 1/ O, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MOD E cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
inby CAS. CAS may be toggled-inby holding RAS LOW and 
strobing-in different colum n add resses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The c hip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 


(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 1,024 combinations of RAS 
addresses (AO - A9) are executed at least every 16ms, regard- 
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for row 
address control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten- 
tion c y cle. R AS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 L ONLY) 

Every WRITE access cy cle c an be a MASKED WRITE, 
depending on the state of WE at RA S time . A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the inp ut port and 
allows normal WRITE operations to proceed. At C AS time, 
the bits present on the DQ1-DQ8 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In nonpersistent MASKED WRITES, new mask data must 
be supplied each time a MASKED WRITE cycle is initiated. 

Figure 1 illus trates t he MT 4C8513 L MASKED WRITE 
operati on (No te: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 
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X = NOT EFFECTIVE (DON'T CARE) ^ DON'T CARE 


Figure 1 

MT4C8513 L MASKED WRITE EXAMPLE 
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MT4C8512/3 L 
512K x 8 DRAM 


TRUTH TABLE 


FUNCTION 

MS 

CAS 

WF 

w 

ADDRESSES 

DQs 

NOTES 

*R 

*C 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 


L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

FAST-PAGE- 
MODE READ 

1st Cycle 

| 

H— L 

H 

L 

ROW 

COL 

Data Out 



■on 

H-L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE- 
MODE WRITE 


■ 

H-L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 



NOTE: 1 . Data in will be dependent on the mask provided (MT4C851 3 L only). Refer to Figure 1 . 
2. EARLY WRITE only. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss .... ............ -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) .-55°C to +150°C 

Power Dissipation , 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, AIMnputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

il 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-to 

UNITS 

NOTES 

STANDBY CURRENT: TTL 
(RAS = CAS = Vih) 

loci 

2 

2 

2 

mA 


STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3, 4, 

31 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN); X CP, X ASC = 10ns) 

ICC4 

90 

80 

70 

mA 

3, 4, 

31 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3, 31 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = X RAS (MIN) to 

300ns; WE, A0-A9 and Din = Vcc - 0.2V (Din may be left 
open), X RC = 1 25ps (1 ,024 rows at 1 25ps = 1 28ms) 

ICC7 

300 

300 

300 

jitA 

3, 5, 
30 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 

5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 

7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A < +70°C; Vcc = 5V±10%) 


AC CHARACTERISTICS 


- 

7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

'RWC 

180 


200 


245 


ns 


FAST-PAGE-MODE READ or WRITE 

'PC 

45 


50 


55 


ns 


cycle time 










FAST-PAGE-MODE READ-WRITE 

'PRWC 

95 


100 


110 


ns 


cycle time 










Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Output Enable time 

'OE 


20 


20 


25 

ns 


Access time from column address 

'AA 


35 


40 


45 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

t RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 


25 


ns 


RAS precharge time 

l RP 

50 


60 


70 


ns 


CAS pulse width 

l CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'ROD 

20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

V\SR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


15 


ns 


RAS to column 

l RAD 

15 

35 

15 

40 

20 

55 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 

l AR 

55 


60 


75 


ns 


(referenced to RAS) 










Column address to 

'RAl 

35 


40 


55 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 

! RCH 

0 


0 


0 


ns 

19,26 

(referenced to CAS) 










Read command hold time 

tRRH 

0 


0 


0 


ns 

19 

(referenced to RAS) i 










CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V +1 0%) 


AC CHARACTERISTICS 


- 


- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•off 

0 

15 

0 

15 

0 

20 

ns 

20, 29 

Output disable time 

*OD 


15 


15 


20 

ns 

29 

Write command setup time 

l WCS 

0 


0 


0 


WBSM 

21,26 

Write command hold time 

'WCH 

15 


15 


20 



26 

Write command hold time 

tWCR 

55 


60 


75 


■ 


(referenced to RAS) 








■ 


Write command pulse width 

twP 

10 


10 


20 



26 

Write command to RAS lead time 

tRWL 

20 


20 


25 



26 

Write command to CAS lead time 

l CWL 

20 


20 


25 



26 

Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

X DH 

15 


15 


20 


■91 

22 

Data-in hold time 

t>HR 

55 


60 


75 


mm 


(referenced to RAS) 










RAS to WE delay time 

t RWD 

95 


105 


135 



21 1 

Column address 

*AWD 

60 


65 


80 




to WE delay time 










CAS to WE delay time 

*CWD 

45 


45 


60 



21 

T ransition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 


9, 10 

Refresh period (1 ,024 cycles) 

*REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

! RPC 

10 


10 


10 


ns 


CAS setup time 

'gsr 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

'CHR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS refresh) 










MASKED WRITE command to RAS 

*WRS 

0 


0 


0 


ns 

26 

setup time 










WE setup time 

*wrp 

10 


10 


10 



■mm 

(CAS-BEFORE-RAS refresh) 










WE hold time to RAS 

*WRH 

15 


15 


15 



■Rm | 

(MASKED WRITE and 










CAS-BEFORE-RAS refresh) 









1 

Mask data to RAS setup time 

•ms 

0 


0 


0 




Mask data to RAS hold time 

l MH 

15 


15 


15 


ns 

■1M 

OE hold time from WE during 

'OEH 

20 


25 


25 


ns 

28 

READ-MODIFY-WRITE cycle 










OE setup prior to RAS during 

•ORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 


L 


1 -V ;j " 
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MT4C8512/3 L 
512K x 8 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the l REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gate and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. Assumes that *RCD > t RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by XlAC. 

18. Operation within the *RAD limit ensures that *RCD 
(MAX) can be met. l RAD (MAX) is specified as a 
reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 


20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VoHorVoL. 

21. HVCS, t RWD, *AWD and l CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIFY-WRITE cycles only. If HVCS > *WCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and tWD > l CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi- 
nate. OE held HIGH and WE taken L OW after CAS 
goes LOW results in a LATE- WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or REAP-MODIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY- 
WRITE operations are not possible. 

24. A HIDDEN REFRESH m ay al so be perfor med after a 
WRITE cycle. In this case WE = LOW and OE = 

HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as WE going LOW. 

27. MT4C8513 L only. 

28. LATE-WRITE and REAP-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *OD or t OFF 
occur. If CAS goes HIGH fir st, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. BBU current is reduced as l RAS is reduced from its 
maximum specification during BBU cycle. 

31. Column address changed once while RAS = Vil and 
CAS = Vih. 
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READ CYCLE 



EARLY-WRITE CYCLE 



\JJ) DON’T CARE 
f$>§ UNDEFINED 


NOTE: 1 . Applies to MT4C8513 L only; WE and DQ inputs on MT4C8512 L are “don’t care” at RAS time. WE selects 


between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1 . Applies to MT4C8513 Lonly; WE and DQ inputs on MT 4C8512 L are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WR ITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 


MT4C8512/3L 
REV. 4/92 


2-26 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 






ADVANCE 



MT4C8512/3 L 
512K x 8 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 





FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C851 3 L only; WE and DQ inputs on MT 4C851 2 L are “don’t care” at RAS time. WE selects 
between nor mal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WR ITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at 'RAS time. 
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MT4C8512/3 L 
512K x 8 DRAM 


BAS-ONLY REFRESH CYCLE 

(OE and WE = DON’T CARE) 



CA5-BEF0RE-RA5 REFRESH CYCLE 

(A0-A9; OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9; OE = DON’T CARE) 
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MICRON 

■ TECHNOLOGY. INC. 


MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


DRAM 2 MEG x 8 DRAM 

5.0V, FAST PAGE MODE (MT4C2M8A1/2) 
3.0/3.3V, FAST PAGE MODE (MT4LC2M8A1/2) 


FEATURES 

• Industry standard x8 pinouts, timing, functions and 
packages 

• Address entry: 12 row, nine column addresses (64ms) 

• High-performance, CMOS silicon-gate process 

• Single +5V only or 3.0/3.3V only ±10% power supply 

• Low power, 5m W standby; 400mW active, typical (5V) 

• All device pins are fully TTL compatible 

• 4,096-cycle refresh (2,048-cycle refresh available as 
MT4(L)C2M8B l/2) 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4(L)C2M8A2 only) 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access - 7 

80ns access - 8 

• Power Supply 
5V ±10% only 
3.0/3.3V ±10% only 

• Masked Write 
Not available 
Available 

• Packages 

Plastic 28-pin SOJ (400 mil) DJ 

Plastic 28-pin TSOP (400 mil) TG 

Plastic 32-pin SOJ (400 mil) DL 

Plastic 32-pin TSOP (400 mil) TL 

NOTE: Available in die form. Please consult factory for die data sheets. 

PART DESCRIPTION 

MT4C2M8A1 5V, non-masked write 

MT4C2M8A2 5V, masked write 

MT4LC2M8A1 3.0/ 3.3V, non-masked write 

MT4LC2M8A2 3.0/3.3V, masked write 

GENERAL DESCRIPTION 

The MT4C2M8A1 /2 and MT4LC2M8A1 /2 are randomly 
accessed solid-state memories containing 16,777,216 bits 
organized in a x8 configuration. The MT4C2M8A1/2 and 
the MT4LC2M8 A1 / 2 are the same DRAM versions except 
that the MT4LC2M8A1/2 are low voltage versions of the 


PIN ASSIGNMENT (Top View) 

28-Pin SOJ 

28-Pin TSOP 


(Q-4) 



(R-3) 

Vcc [ 1 


28 3 Vss 

VCC CE 1 

28 X Vss 

DQ1 [ 2 


27 3 DQ8 

DQ1 □: 2 

27 X DQ8 

DQ2C 3 


26 ] DQ7 

DQ2 CE 3 

26 XI DQ7 

DQ3 [ 4 


25 3 DQ6 

DQ3 CE 4 

25 X DQ6 

DQ4 I 5 


24 ] DQ5 

DQ4 CE 5 

24 X DQ5 

WED 6 


23 ] CAS 

WE CE 6 

23 X CAS 

RAS C 7 


22 DOE 

RAS CE 7 

22 x OE 

*A1 1 [ 8 


21 ]A9 

*A11 CE 8 

21 x A9 

A10 C 9 


20 ] A8 

A10 CE 9 

20 X A8 

A0 C 10 


19 ] A7 

A0 CE 10 

19 X A7 

A1 [ 11 


18 ] A6 

A1 CE 11 

18 X A6 

A2C 12 


17 3A5 

A2 CE 12 

17 Tl A5 

A3[ 13 


16 ]A4 

A3 CE 13 

16 JJ A4 

Vcc [ 14 


15 ] Vss 

Vcc CE 14 

15 X Vss 

32-Pin SOJ 

32-Pin TSOP 


(Q-5) 



(R-4) 

Vcc [ 1 


32 3 Vss 

VCC EE 1 

32 x Vss 

DQ1 [ 2 


31 ] DQ8 

DQ1 cr 2 

31 X DQ8 

DQ2 [ 3 


30 JDQ7 

DQ2 CE 3 

30 X DQ7 

DQ3C 4 


29 3 DQ6 

DQ3 CE 4 

29 X DQ6 

DQ4C 5 


28 ] DQ5 

DQ4 □: 5 

28 X DQ5 

NC [ 6 


27 3 CAS 

NGcn 6 

27 X CAS 

WE [ 7 


26 ] OE 

WE cc 7 

26 X OE 

RASE 8 


25 3 NC 

RASCC 8 

25 X NC 

NC C 9 


24 ] NC 

NC CE 9 

24 X NC 

*A1 1 [ 10 


23 ] A9 

*A11 CE 10 

23 X A9 

A10 E 11 


22 3 A8 

A10CE 11 

22 X A8 

AO [ 12 


21 ] A7 

AO d 12 

21 X A7 

A1 [ 13 


20 3A6 

A1 cc 13 

20 x A6 

A2C 14 


19 3A5 

A2CC 14 

19 X A5 

A3 [ 15 


18 ] A4 

A3 CE 15 

18 X A4 

Vcc C 16 


17 3 Vss 

Vcc cc 16 

17 x Vss 

*NC on 1 1 row address version 


MT4C2M8A1 / 2. The MT4LC2M8A1/2 are designed to 
operate in either a 3.0V ±10% or a 3.3V ±10% memory 
system. All further references made for the MT4C2M8A1 / 
2 also apply to the MT4LC2M8A1/2, unless specifically 
stated otherwise. Each byte is uniquely addressed through 
the 21 address bits during READ or WRITE cycles. The 
address is entered first by RAS latching 12 bits (A0-11) and 
then CAS latching 9 bits (A0-A9). 

The MT4C2M8A2 has NONPERSISTENT MASKED 
WRITE, allowing it to perform WRITE-PER-BIT accesses. 


4C 

1LC 

A1 

A2 
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MICZRON 

® TECHNOLOGY, INC. 


MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


PIN DESCRIPTIONS 


28-PIN DEVICE 
PIN NUMBERS 

32-PIN DEVICE 
PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

7 

8 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 12 row- 
address bits and strobe the WE and DQs in the MASKED 
WRITE mode (MT4C2M8A2 only). 

23 

27 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

6 

7 

WE 

Input 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C2M8A2). 

22 

26 

CE 

Input 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

10-13, 16-21, 
9,8 

12-15,18-23, 
11, 10 

A0-A1 1 

Input 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

2-5, 24-27 

2-5, 28-31 

DQ1-DQ8 

Input 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 


6, 9, 24, 25 

NC 

- 

No Connect: These pins should be either left unconnected 
or tied to ground. 

1,14 

1, 16 

Vcc 

Supply 

Power Supply: +5V ±1 0% (C), 3.0/3.3V +1 0% (LC) 

15, 28 

17,32 

Vss 

Supply 

Ground 
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MICRON 

I TECHNOLOGY, INC. 


MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 21 address 
bits during READ or WRI TE cy cles. First RAS is used to 
latch 12 bits (AO-All) then CAS latches 9 bits (A0-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by t he fa lling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will i nitiate a WRITE cyc le, sel ecting 
DQ1 through DQ8. If WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common I/O, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -12) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strob ed-in by RA S followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 


state by maintaining power a nd ex ecuting any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 4,096 combinations of RAS 
addresses (AO -11) are executed at leas t ever y 64ms, re- 
gardless of sequence. The CAS-BEFORE-RAS refresh cycle 
will also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8A2 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the inp ut port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (if the 
mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustr ates th e MT4C 2M8A2 MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


MASKED WRITE ► ◄ NONMASKED WRITE 



DQ1 


DQ8 


STORED MASK 
DATA DATA 

T| 0 

_1_ 1 

J_ 0 

J_ 1 

_1_ 0 

JL 1 

JL o 

1 1 


INPUT STORED 
DATA 

x Fl 

0 > _o_ 

x _L 

o > _o_ 

x JL 

o > _o^ 

x JL 

o > o 


STORED MASK 

DATA DATA 

T] x 

_oj x 

JL x 

_o_ x 

JL x 

_o_ x 

JL x 

o x 


INPUT STORED 

DATA DATA 

1 > _1_ 

1 > Jl_ 

1 > 

1 -----> J_ 

0 > _0_ 

o > _o_ 

o > jl 

o > o 


ADDRESS 0 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


WA DON’T CARE 


Figure 1 

MT4C2M8A2 MASKED WRITE EXAMPLE 
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MICRON 

■ TECHNOLOGY, INC. 


MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


TRUTH TABLE 


FUNCTION 

rs s' 

caf 

WF 

GF 

ADDRESSES 

DOs 

NOTES 


*C 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

FAST-PAGE- 

MODE READ 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-HA5 refresh 

H-L 

L 

H 

X 

X 

X 

High-Z 



NOTE: 1 . Data in will be dependent on the mask provided (MT4C2M8A2 only). Refer to Figure 1 . 
2. EARLY WRITE only. 
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MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc supply relative to Vss (5V) -IV to +7V 

Voltage on Vcc supply relative to Vss (3V) ....-IV to +4.6V 

Operating Temperature, T A (Ambient) ..0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation Of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 

(Notes: 1 , 3, 4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1,30 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

P A 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1 mA) 

VoH 

2.4 


V 


VOL 


0.4 

V 



DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 

(Notes: 1, 3, 4, 6, 7, 31) (0°C < T A < 70°C; Vcc = 3.0/3.3V±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

2.7 

3.6 

V 

1,31 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2mA) 

Output Low Voltage (Iout = 2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 


(Notes: 1 , 3, 4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL 
(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: ! PC = *PC (MIN); X CP, X ASC = 10ns) 

ICC4 

80 

70 

60 

mA 

3,4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = *RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3, 32 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3 


DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 


(Notes: 1 , 3, 4, 6, 7, 31 ) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

■8 

UNITS 

NOTES 

STANDBY CURRENT: TTL 
(RAS = CAS = Vih) 

Icci 

1 

1 

1 

mA 


STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

ICC2 

400 

400 

400 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = *RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = *PC (MIN); X CP, X ASC = 10ns) 

ICC4 

60 

50 

40 

mA 

3, 4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: >RC = 'RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3,32 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = 'RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A11 

Cm 

5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 

7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

t RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

l RWC 

155 


180 

■ 

200 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

35 


40 


40 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

tPRWC 

85 

. 

95 


100 


ns 


Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

tCAC 


15 


20 


20 

ns 

15 

Output Enable 

l OE 


15 


15 


15 

ns 


Access time from column address 

lAA 


30 


35 


40 

ns 


Access time from CAS precharge 

{ CPA 


35 


40 


45 

ns 


RAS pulse width 

tRAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RA5 pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

*CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

l CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

! ral 

30 


35 


40 


ns 


Read command setup time 

'RCS 

o 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

t RCH 

0 


0 


0 


ns 

19, 26 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

l CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

•off 

0 

15 

0 

20 

0 

20 

ns 

20,29 
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ON 


MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < +70°C) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

WE command setup time 

* wcs 

0 


0 


0 


ns 

21,26 

Write command hold time 

*WCH 

10 


15 


15 


ns 

26 

Write command hold time 
(referenced to RAS) 

•WCR 

45 


55 


60 


ns 

26 

Write command pulse width 

twp 

10 


15 


15 


ns 

26 

Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 

26 

Write command to CAS lead time 

l CWL 

15 


20 




ns 

26 

Data-in setup time 

X DS 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

10 


15 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

'DHR 

45 






ns 


RAS to WE delay time 

l RWD 

85 


95 


105 


ns 

21 

Column address 
to WE delay time 

V\WD 

55 




65 


ns 

21 

CAS to WE delay time 

l CWD 

40 


45 


45 


ns 

21 

Transition time (rise or fall) 

l T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (4,096 cycles) 

l REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

5 


5 


5 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

15 


15 


15 


ns 

5 

WE hold time (MASKED WRITE and 
CAS-BEFORE-RAS refresh) 

*WRH 

15 


15 


15 


ns 

26 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 

26 

WE setup time 
(MASKED WRITE) 

*WRS 

10 


10 


10 


ns 

26 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

*ORD 

0 


0 


0 


ns 


Output disable 

x OD 


15 


15 


15 

ns 

29 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

{ OEH 

15 


15 


15 


ns 

28 
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MICRON 

MT4(L)C2M8A1/2 

■ TECHNOLOGY. INC. 

2 MEG x 8 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjits is required a fter po wer-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the t REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS - Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gate and 
50pF. 

14. Assumes that l RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). __ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for ^PN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the t RAD limit ensures that ‘RCD 
(MAX) can be met. *RAD (MAX) is specified as a 
reference point only; if t RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 


20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VoHorVoL. 

21. hVCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIFY-WRITE cycles only. If *WCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If { RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referen ced t o CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY- 
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. _ 

26. Write command is defined as WE going LOW. 

27. MT4C2M8A2 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after kDEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *OD or t OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

31. The 3.0/3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

32. Column address changed once while RAS = Vil and 
CAS = Vih. 


MT4(L)C2M8A1/2 
REV. 4/92 


2-41 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW ■ WIDE DRAM 



NEW | WIDE DRAM 


ADVANCE 


I^ICZRON 


MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


READ CYCLE 



EARLY-WRITE CYCLE 





Wh DON’T CARE 

M undefined 

NOTE: 1 . Applies to MT4C2M8A2 only; WE and DQ inputs on MT 4C2M8A1 are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



j DON’T CARE 
3 UNDEFINED 


NOTE: 1 . Applies to MT4C2M8A2 only; WE and DQ inputs on MT 4C2M8A1 are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MT4(L)C2M8A1/2 
2 MEG x 8 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 


O. 


JWRS I *WRH 

w vIl 


*WCS . | I <WCH 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C2M8A2 only; WE and DQ inputs on MT 4C2M8A1 are “don’t care” at R AS time. WE selects 

between normal WRI TE an d MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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BAS-ONLY REFRESH CYCLE 

(OE and WE = DON’T CARE) 


( RC 



CAS-BEFORE-RA5 REFRESH CYCLE 

(A0-A1 1 ; OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 


(READ) (REFRESH) 
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MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


DRAM 2 MEG x 8 DRAM 

5.0V FAST PAGE MODE (MT4C2M8B1/2) 
3.0/3.3V, FAST PAGE MODE (MT4LC2M8B1/2) 


FEATURES 

• Industry standard x8 pinouts, timing, functions and 
packages 

• Address entry: 11 row, 10 column addresses (32ms); 

• 2,048-cycle refresh (4,096-cycle refresh available as 
MT4(L)C2M8B1 / 2) 

• High-performance, CMOS silicon-gate process 

• Single +5 V only or 3.0 /3.3V only ±10% power supply 

• Low power, 5mW standby; 400mW active, typical (5V) 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C2M8B2 only) 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Power Supply 

5V ±10% only 

4C 

3.0/3.3V ±10% only 

4LC 

• Masked Write 

Not available 

B1 

Available 

B2 

• Packages 

Plastic 28-pin SOJ (400 mil) 

DJ 

Plastic 28-pin TSOP (400 mil) 

TG 

Plastic 32-pin SOJ (400 mil) 

DL 

Plastic 32-pin TSOP (400 mil) 

TL 


NOTE: Available in die form. Please consult factory for die data sheets. 

PART DESCRIPTION 

MT4C2M8B1 5.0 V, non-masked write 

MT4C2M8B2 5.0V, masked write 

MT4LC2M8B1 3.0V/3.3V, non-masked write 

MT4LC2M8B2 3.0V/3.3V, masked write 

GENERAL DESCRIPTION 

The MT4C2M8B1 /2 and MT4LC2M8B1 /2 are randomly 
accessed solid-state memories containing 16,777,216 bits 
organized in a x8 configuration. The MT4C2M8B1/2 and 
the MT4LC2M8B1 / 2 are the same DRAM versions except 



MT4C2M8B1 / 2. The MT4LC2M8B1/2 are designed to 
operate in either a 3.0V ±10% or a 3.3V ±10% memory 
system. All further references made for the MT4C2M8B1 / 
2 also apply to the MT4LC2M8B1/2, unless specifically 
stated otherwise. Each byte is uniquely addressed through 
the 21 address bits during READ or WRITE cycles. The 
address is entered first by RAS latching 11 bits (A0-A10) 
and then CAS latching 10 bits (A0-A10). 

The MT4C2M8B2 has NONPERSISTENT MASKED 


that the MT4LC2M8B1 /2 are low voltage versions of the WRITE, allowing it to perform WRITE-PER-BIT accesses. 
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2 MEG x 8 DRAM 


FUNCTIONAL BLOCK DIAGRAM 

2,048 ROWS 


WE o 


CAS o- 


-o OE 



RAS , 
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I T 2 MEG x 8 DRAM 


PIN DESCRIPTIONS 


28-PIN DEVICE 
PIN NUMBERS 

32-PIN DEVICE 
PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

7 

8 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 11 row- 
address bits and strobe the WE and DQs in the MASKED 
WRITE mode (MT4C2M8B2 only). 

23 

27 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE dycles. 

6 

7 

WE 

Input 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C2M8B2). 

22 

26 

OE 

Input 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

10-13, 16-21, 

9 

12-15, 18-23, 

11 

A0-A10 

Input 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

2-5, 24-27 

2-5, 28-31 

DQ1-DQ8 

Input 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

8 

6, 9, 24, 25, 10 

NC 


No Connect: These pins should be either left unconnected 
or tied to ground. 

1,14 

1,16 

Vcc 

Supply 

Power Supply: +5V ±10% (C), 3.0/3.3V ±10% (LC) 

15, 28 

17,32 

Vss 

Supply 

Ground 


MT4(L)C2M8B1/2 
REV. 4/92 


2-49 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW ■ WIDE DRAM 






NEW ■ WIDE DRAM 


ADVANCE 



MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 21 address 
bits during READ or WRITE cycles. First RAS is used to 
latch 1 1 bits (AQ-A1Q) then CAS latches 10 bits (A0-A9). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or RE AD-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. Duri ng a WRITE c ycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will i nitiate a WRITE cyc le, sele cting 
DQ1 through DQ8. If WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE Cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common I/O, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE o peratio n. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 


state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN REFRESH) so that all 2,048 combinations of RAS 
addresses (A0-A10) are executed at lea st eve ry 32ms, re- 
gardless of sequence. The CAS-BEFORE-RAS refresh cycle 
will also invoke the refresh counter and controller for row 
address control. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8B2 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of W E at RA S time . A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the inp ut port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (if the 
mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustr ates t he MT4C 2M8B2 MASKED WRITE 
operation (N ote: RA S or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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DQ1 


DQ8 


STORED MASK 
DATA DATA 
2 
2 
2 
2 
2 
2 
2 
i 


INPUT 


STORED 

DATA 


0 X 

_2_ 



i 

1 o > 

0 



0 _ 

X 

o 

2_ 



2_ 

1 0 > 

_o_ 



_o_ 

0 X 

i 



i 

1 0 > 

_0_ 



_o_ 

0 X 

2_ 



i 

1 0 > 

_o_ 



_o_ 


STORED 

DATA 


MASK 

DATA 

X 

X 

x 

X 

x 

X 

X 

X 


INPUT STORED 

DATA DATA 

i > rr 

i 

i > 2_ 

i > 2_ 

o ^o_ 

o > _o_ 

o > o_ 

o > o 


ADDRESS 0 


ADDRESS! 


X = NOT EFFECTIVE (DON’T CARE) 


DON’T CARE 


Figure 1 

MT4C2M8B2 MASKED WRITE EXAMPLE 
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TRUTH TABLE 


FUNCTION 

RA5T 

ra? 

wr 

TJT 

ADDRESSES 

DQs 

NOTES 

*R 


Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 

H— L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

FAST-PAGE- 
MODE READ 

1st Cycle 

L 

H— L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H— L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-*L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

' 1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 



NOTE: 1 . Data in will be dependent on the mask provided (MT4C2M8B2 only). Refer to Figure 1 . 
2. EARLY WRITE only. 
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MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc supply relative to Vss (5V) -IV to +7V 

Voltage on Vcc supply relative to Vss (3V) ... -IV to +4.6V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 

(Notes: 1 , 3, 4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V +1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1,30 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 

(Notes: 1 , 3, 4, 6, 7, 31) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

2.7 

3.6 

V 

1,31 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vec+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2mA) 

Output Low Voltage (Iout = 2mA) 

VOH 

2.4 


V 


VOL 



0.4 

V 
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ADVANCE 



MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 


(Notes: 1, 3, 4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V ±10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL 
(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: { RC = X RC (MIN)) 

ICC3 

140 

130 

120 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = 'PC (MIN); X CP, X ASC = 10ns) 

ICC4 

100 

90 

80 

mA 

3, 4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

140 

130 

120 

mA 

3, 32 

REFRESH CURRENT: CA5-BEFORE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

140 

130 

120 

mA 

3 


DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 


(Notes: 1 , 3, 4, 6, 7, 31 ) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL 
(RAS = CAS = Vih) 

Icci 

1 

1 

1 

mA 


STANDBY CURRENT: CMOS 
(RAS = CAS = Vcc -0.2V) 

ICC2 

400 

400 

400 

mA 

25 

OPERATING CURRENT: Random READ/WRIT 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = X RC (MIN)) 

ICC3 

100 

90 

80 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN); X CP, X ASC = 1 0ns) 

ICC4 

75 

65 

55 

mA 

3, 4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: x RC = X RC (MIN)) 

ICC5 

100 

90 

80 

mA 

3, 32 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

100 

90 

80 

mA 

3 
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MICRON 

i TECHNOLOGY. INC. 


MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


CAPACITANCE 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 

5 

PF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 

7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

pF 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < +70°C) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

155 


180 


200 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

35 


40 


40 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

tPRWC 

85 


95 


100 


ns 


Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Output Enable 

'OE 


15 


15 


15 

ns 


Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

um 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

mm 


RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

um 


RAS hold time 

tRSH 

15 


20 


20 




RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

■SI 

ns 


CAS hold time 

^SH 

60 


70 


80 


ns 


CAS precharge time 

*CPN 

10 


10 


10 


um 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


um 


RAS to CAS delay time 

! RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

'RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

19, 26 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


d 


ns 

19 

CAS to output in Low-Z 

tCLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

toFF 

0 

15 

0 

20 

0 

20 

ns 

20, 29 
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NEW ■ WIDE DRAM 


ADVANCE 



MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

WE command setup time 

*WCS 

0 


0 


0 


ns 

21,29 

Write command hold time 

*WCH 

10 


15 


15 


ns 

26 

Write command hold time 

‘WCR 

45 


55 


60 


ns 

26 

(referenced to RAS) 










Write command pulse width 

twp 

10 


15 


15 


ns 

26 

Write command to RAS lead time 

tRWL 

15 


20 


20 


ns 

26 

Write command to CAS lead time 

’CWL 

15 


20 


20 


ns 

26 

Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

t>H 

10 


15 


15 


ns 

22 

Data-in hold time 

l DHR 

45 


55 


60 


ns 


(referenced to RAS) 










RAS to WE delay time 

*RWD 

85 


95 


105 


ns 

21 

Column address 

'AWD 

55 


60 


65 


ns 

21 

to WE delay time 










CAS to WE delay time 

*CWD 

40 


45 


45 


ns 

21 

Transition time (rise or fall) 

*t 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048 cycles) 

•REF 


32 


32 


32 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

l CSR 

5 


5 


5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

*CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time (MASKED WRITE and 

l WRH 

15 


15 


15 


ns 

26 

CAS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

10 


10 


10 


ns 

26 

(CAS-BEFORE-RAS refresh) 










WE setup time 

*WRS 

10 


10 


10 


ns 

26 

(MASKED WRITE) 










OE setup prior to RAS during 

! ORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 










Output disable 

>OD 


15 


15 


15 

ns 

29 

OE hold time from WE during 

tQEH 

15 


15 


15 


ns 

28 

READ-MODIFY-WRITE cycle 
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MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz, 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) befor e proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the *REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gate and 
50pF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *C AC. 

18. Operation within the t RAD limit ensures that *RCD 
(MAX) can be met. f RAD (MAX) is specified as a 
reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 


20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
Voh or Vol. 

21. *WCS, *RWD, *AWD and *CWD are restrictive 

operating parameters in LATE-WRITE and READ- 
MODIFY-WRITE cycles only. If *WCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referen ced t o CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY- 
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be perfor med after a 
WRITE cycle, In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as WE going LOW. 

27. MT4C2M8B2 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *00 or *OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

31. The 3.0/3.3V version is restricted to operate between 
2.7V and 3.6V only. 

32. Column address changed once while RAS = Vil and 
CAS = Vih. 
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MICRON 

» TECHNOLOGY. INC. 


MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


READ CYCLE 



EARLY-WRITE CYCLE 



V/) DON’T CARE 

M undefined 


NOTE: 1 . Applies to MT4C2M8B2 only; WE and DQ inputs on MT 4C2M8B1 are “don’t care” at RAS time. WE selects 
between nor mal WRI TE an d MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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ADVANCE 



MICRON 

■ TECHNOLOGY. INC. 


MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 



READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



W) DON’T CARE 
H UNDEFINED 


NOTE: 1 . Applies to MT4C2M8B2 only; WE and DQ inputs on MT 4C2M8B1 are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 


'rasp 


<RP 


RAS v'l 

‘CRP 


j— 

‘CPN ( 

1 <CSH 

ii ‘pc 

‘CP 

*RSH 

v 1 

‘CRP 

‘RCD 

*CAS 

*CP 

'CAS 

'CAS 







./ 


CAS v|l 


>AR 


| ,‘asc. 


J v_ 





| ‘CAH > | 

‘ral 


1 ‘RAD 



< t CAH > 





‘RAH 


*ASC 

" 

< 1 ASC > 

‘CAH ■ 

^ _ 

addr vir yjh 

[ ROW 

m 

COLUMN J 

m/m W///M 

A COLUMN W//////////)k R0W 






‘CWL 

1 


'CWL 1 | 


1 'CWL | 



‘wcs 


*WCH 

W, 

'wcs 

'WCH , 1 

, ‘wcs 

'WCH 



1 ‘WRS 

‘WRH 



*WP 


‘WP 



'WP 


r - 


• 


> // 



m 




WE V 'L -V/M NOTE1 , 





‘WCR . 





*RWL 




*DHR 

1 






‘DS 


> tDH 



'ds . 

L ‘DH . 


1-1 ' DS A 

, f DH . 








... 1 



DQ v!8l -Y///A notei ! 

W'- 

VALID DATA 

Wk 

VALID DATA |( 

m 

VALID DATA 

m/MMim 


FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C2M8B2 only; WE and DQ inputs on MT 4C2M8B1 are “don’t care” at RAS time. WE selects 
between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a normal 
WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 
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MT4(L)C2M8B1/2 
2 MEG x 8 DRAM 


BAS-ONLY refresh cycle 

(OE and WE = DON’T CARE) 



CAS-BEFORE-BA5 REFRESH CYCLE 

(A0-A10; OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 


(READ) (REFRESH) 
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MICRON 

■ TECHNOLOGY, INC. 


MT4(L)C2M8A1/2 S 
2 MEG x 8 DRAM 


DRAM 2 MEG x 8 DRAM 

5.0V, SELF REFRESH (MT4C2M8A1/2 S) 
3.0/3.3V, SELF REFRESH (MT4LC2M8A1/2 S) 


FEATURES 

• SELF REFRESH, i.e. "Sleep Mode" 

• Industry standard x8 pinouts, timing, functions and 
packages 

• Address entry: 12 row, nine column addresses (512ms) 

• High-performance, CMOS silicon-gate process 

• Single +5V only or 3.0/3.3V only ±10% power supply 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• Optional FAST PAGE MODE access cycle 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4(L)C2M8A2 S only) 

• 4,096-cycle refresh (2,048-cycle refresh available as 
MT4(L)C2M8B1 / 2 S) 

• Low power, 2mW standby; 400mW active, typical (5V) 


OPTIONS 

MARKING 

• Timing 


60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Power Supply 

5V ±10% only 

4C 

3.0/3.3V ±10% only 

4LC 

• Masked Write 

Not available 

A1S 

Available 

A2S 

• Packages 

Plastic 28-pin SOJ (400 mil) 

DJ 

Plastic 28-pin TSOP (400 mil) 

TG 

Plastic 32-pin SOJ (400 mil) 

DL 

Plastic 32-pin TSOP (400 mil) 

TL 


NOTE: Available in die form. Please consult factory for die data sheets. 

• Part Number Example: MT4C2M8A1DJ-7 S 


PART DESCRIPTION 


MT4C2M8A1 S 
MT4C2M8A2 S 
MT4LC2M8A1 S 
MT4LC2M8A2 S 


5V, non-masked write 
5V, masked write 
3.0/3.3V, non-masked write 
3.0/ 3.3V, masked write 


GENERAL DESCRIPTION 

The MT4C2M8A1/2 S and MT4LC2M8A1/2 S are 
randomly accessed solid-state memories containing 


PIN ASSIGNMENT (Top View) 


28-Pin SOJ 

(Q-4) 


Vcc [ 1 
DQ1 E 2 
DQ2 C 3 
DQ3E 4 
DQ4 [ 5 
WE E 6 
RAS E 7 
*A11 E 8 
A10E 9 
AO E 10 
A1 E 11 
A2 E 12 
A3 E 13 
Vcc E 14 


B_3 Vss 
27 3 DQ8 
26 ] DQ7 
25 ] DQ6 
24 ] DQ5 
23 ] CAS 
22 ] OE 
21 ]A9 
20 ] A8 
19 3A7 
18 ] A6 
17 ] A5 
16 3 A4 
15 3 Vss 


32-Pin SOJ 

(Q-5) 


Vcc E 
DQ1 E 2 
DQ2 E 3 
DQ3E 4 
DQ4E 5 
NCE 6 
WE E 7 
RASE 8 
NCE 9 
*A11 E 10 
A10E 11 
A0 E 12 
A1 E 13 
A2E 14 


!_3 Vss 
31 3 DQ8 
30 3 DQ7 
29 3 DQ6 
28 3 DQ5 
27 3 CAS 
26 3 OE 
25 3 NC 
24 3 NC 
23 3 A9 
22 3 A8 
21 3A7 
20 3 A6 
19 3 A5 
18 3A4 


28-Pin TSOP 

(R-3) 


Vcc QC 1 
DQ1 x 2 
DQ2 IX 3 
DQ3 IX 4 
DQ4 X 5 
WE X 8 
RAS X 7 
*A11 x 8 
A10 X 9 
A0 x 10 
A1 X 11 
A2 X 12 
A3 X 13 
Vcc X 14 


21 


28 X] Vss 
27 XI DQ8 
26 Xl DQ7 
25 X] DQ6 
24 X] DQ5 
23 XI CAS 
22 xi OE 
X] A9 
20 Xl A8 
19 xi A 7 
18 Xl A6 
17 XI A5 
16 II A4 
15 Jtl Vim 


32-Pin TSOP 

(R-4) 


VccX 1 
DQ1 X 2 
DQ2 X 3 
DQ3 X 4 
DQ4X 5 
NC X 6 
WE X 7 
RAS X 8 
NC X 9 
*A11 X 10 
A10. X 11 
AO X 12 
A1 X 13 
A2X 14 
A3 X 15 
VccX 16 


23 


32 Xl Vss, 
31 Xl DQ8 
30 Xl DQ7 
29 Xl DQ6 
28 X DQ5 
27 X CAS 
26 X OE 
25 X NC 
24 x NC 
A9 
22 lx A8 
21 X A7 
20 X A6 
19 X A5 
18 X A4 
17 X Vss 


*NC on 1 1 row address version 


16,777,216 bits organized in a x8 configuration. The 
MT4C2M8A1/2 S and the MT4LC2M8A1/2 S are the 
same DRAM versions except that the MT4LC2M8A1 /2 S 
are low voltage versions of the MT4C2M8A1/2 S. The 
MT4LC2M8A1/2 S are designed to operate in either a 
3.0V ±10% or a 3.3V ±10% memory system. All further 
references made for the MT4C2M8A1/2 S also apply to 
the MT4LC2M8A1/2 S, unless specifically stated other- 
wise. Each byte is uniquely addressed through the 21 
address bits during READ or WRITE cycles. The address 
is entered first by RAS latching 12 bits (A0-11) and then 
CAS latching 9 bits (A0-A9). 

The MT4C2M8A2 S has NONPERSISTENT MASKED 
WRITE, allowing it to perform WRITE-PER-BIT accesses. 
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2 MEG x 8 DRAM 


FUNCTIONAL BLOCK DIAGRAM 

4,096 ROWS 


WE o- 


CAS o 



DQ1 


DQ8 


-o OE 


■o Vcc 
o Vss 
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PIN DESCRIPTIONS 


28-PIN DEVICE 
PIN NUMBERS 

32-PIN DEVICE 
PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

7 

8 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 12 row- 
address bits and strobe the WE and DQs in the MASKED 
WRITE mode (MT4C2M8A2 S only). 

23 

27 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

6 

7 

WE 

Input 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C2M8A2 S). 

22 

26 

OE 

Input 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

10-13,16-21, 

9, 8 

12-15, 18-23, 
11, 10 

A0-A1 1 

Input 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

2-5,24-27 

2-5, 28-31 

DQ1-DQ8 

Input 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 


6, 9, 24, 25 

NC 

- 

No Connect: These pins should be either left unconnected 
or tied to ground. 

1, 14 

1, 16 

Vcc 

Supply 

Power Supply: +5V ±10% (C), 3.0/3.3V ±10% (LC) 

15,28 

17,32 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 21 address 
bits during READ or WRITE cycles. First RAS is used to 
latch 12 bits (AO-All) then CAS latches 9 bits (A0-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. Duri ng a WRITE c ycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will initiate a WRITE cycle, selecting 
DQ1 through DQ8. If WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ-WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common I/O, and pin direction is 
controlled by OE and WE, 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (AO -12) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS'-ONLY, CAS-BEFORE-RA S, or 
HIDDEN REFRESH) so that all 4,096 combinations of RAS 
addresses (AO -11) are executed at least e very 512ms, 
regardless of sequence. The CAS-BEFORE-RAS refresh 


cycle will also invoke the refresh counter and controller for 
row address control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten- 
tion c y cle. R AS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

SELF REFRESH is similar to BBU except that the DRAM 
provides its own internal clocking during "SLEEP MODE". 
Thus, an external clock is not required for additional power 
savings and design ease. The SELF REFRESH version 
retains the extended refresh rate of 512ms. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8A2 S ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ 1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (if the 
mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4C2M8A2 S MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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MASKED WRITE 


NONMASKED WRITE 


DQ1 


DQ8 


STORED MASK 
DATA DATA 


INPUT 

X 

0 > 

X 

0 > 

X 

0 > 

X 

0 > 


STORED 

DATA 

J_ 

0 

0 

J_ 

0 


ADDRESS 0 


STORED 
DATA 
_ 1 _ 

0_ 

J_ 

0_ 

_0_ 

0 


MASK 

DATA 

X 

X 

X 

X 

X 

X 

X 

X 



INPUT 
DATA 
1 
1 
1 
1 
0 
0 
0 
0 

ADDRESS 1 


> 

> 

> 

> 

> 

> 

> 

> 


STORED 

DATA 

1 
J_ 

0 _ 

0 _ 

0_ 

0 


X = NOT EFFECTIVE (DON’T CARE) 


DON’T CARE 


Figure 1 

MT4C2M8A2 S MASKED WRITE EXAMPLE 
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TRUTH TABLE 


FUNCTION 

fi M 

CR2T 

m 

UF 

ADDRESSES 

DOS 

NOTES 

*R 

*C 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

FAST-PAGE- 
MODE READ 

1st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RA5 REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


SELF REFRESH 

H-L 

L 

H ■■ J 

X 

X 

X 

High-Z 



NOTE: 1 . Data in will be dependent on the mask provided (MT4C2M8A2 S only). Refer to Figure 1 . 
2. EARLY WRITE only. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc supply relative to Vss (5V) -IV to +7V 

Voltage on Vcc supply relative to Vss (3V) ....-IV to +4.6V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 

(Notes: 1 , 3, 4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1, 30 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

h 

■ 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1 mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 

(Notes: 1,3,4, 6, 7, 31 ) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

2.7 

3.6 

V 

1,31 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

h 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2mA) 

Output Low Voltage (Iout = 2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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DC OPERATING SPECIFICATIONS FOR 5V VERSION 

(Notes: 1, 3, 4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL (RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: CMOS (RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

HA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

110 

100 

90 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN); X CP, WSC = 10ns) 

ICC4 

80 

70 

60 

mA 

3, 4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: ! RC = X RC (MIN)) 

ICC5 

110 

100 

90 

mA 

3, 32 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

110 

100 

90 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 02V or CAS-BEFORE-RAS cycling; RAS = l RAS (MIN) to 

300ns; WE, A0-A1 1 and Din = Vcc - 0.2V (Din may be left open), 
l RC = 1 25jxs (1 ,024 rows at 1 25jj,s = 1 28ms) 

ICC7 

300 

300 

300 

HA 

3, 30 

REFRESH CURRENT: SELF 

Average power supply current during SELF refresh: CBR cycle 
with RAS > *RASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 

A0-A9 and Din = Vcc - 0.2 V or 0.2V (Din may be left open) 

ICC8 

300 

300 

300 

HA 

5 
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DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 


(Notes: 1 , 3, 4, 6, 7, 31 ) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL (RAS = CAS = Vih) 

Icci 

1 

1 

1 

mA 


STANDBY CURRENT: CMOS (RAS = CA5 = Vcc -0.2V) 

ICC2 

80 

80 

80 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

80 

70 

60 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = l PC (MIN); l CP, l ASC = 10ns) 

ICC4 

60 

50 

40 

mA 

3, 4, 32 

REFRESH CURRENT: T1AS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

80 

70 

60 

mA 

3, 32 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

80 

70 

60 

mA 

3, 5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS- BE FORE- RAS cycling; RAS^RAS (MIN) to 
300ns; WE, A0-A1 1 and Din = Vcc - 0.2V (Din may be left open), 
l RC = 1 25jlls (1 ,024 rows at 125|is = 128ms) 

ICC7 

100 

100 

100 

pA 

3, 30 

REFRESH CURRENT: SELF 

Average power supply current during SELF refresh: CBR cycle 
with RAS > l RASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 

A0-A9 and Din = Vcc - 0.2V or 0.2V (Din may be left open) 

ICC8 

100 

100 

100 

pA 

5 
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H=T-T^1 


MT4(L)C2M8A1/2S 
2 MEG x 8 DRAM 


CAPACITANCE 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 1 

Cm 

5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 

7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

! RWC 

155 


180 


200 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

X PC 

35 


40 


40 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

85 


95 


100 


ns 


Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Output Enable 

x OE 


15 


15 


15 

ns 


Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


45 

ns 


RAS pulse width 

‘RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

‘RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

l CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

l CSH 

60 


70 


80 


ns 


CAS precharge time 

tCPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

l ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

! ar 

50 


55 


60 

. 


ns 


Column address to 

RAS lead time 

l RAL 

30 


35 


40 


ns 


Read command setup time 

f RCS 

0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

l RCH 

0 


0 


0 


ns 

19, 26 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

‘CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

15 

0 

20 

0 

20 

ns 

20,29 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C) 


AC CHARACTERISTICS 


- 

3 


7 

-8 



PARAMETER 


— 

BB 






NOTES 

WE command setup time 


0 


0 


0 


ns 


Write command hold time 


10 


15 


15 



26 , 

Write command hold time 

'WCR 

45 


55 


60 




(referenced to RAS) 










Write command pulse width 

twp 

10 


15 


15 



26 

Write command to RAS lead time 

! RWL 

15 


20 


20 


ns 

26 

Write command to CAS lead time 

*CWL 

15 


20 


20 


ns 

26 

Data-in setup time 

l DS 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

10 


15 


15 


ns 

22 

Data-in hold time 

*DHR 

45 


55 


60 


ns 


(referenced to RAS) 










RAS to WE delay time 

l RWD 

85 


95 


105 


ns 

21 

Column address 

*AWD 

55 


60 


65 


ns 

21 

to WE delay time 










CAS to WE delay time 

l CWD 

40 


45 


45 


ns 

21 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (4,096 cycles) 

'REF 


512 


512 


512 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 

'CSR 

5 


5 


5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

*CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time (MASKED WRITE and 

*WRH 

15 


15 


15 


ns 

26 

CAS-BEFORE-RAS refresh) 






-v\ 




WE setup time 

{ WRP 

10 


10 


10 


ns 

26 

(CAS-BEFORE-RAS refresh) 










WE setup time 

tWRS 

10 


10 


TO 


ns 

26 

(MASKED WRITE) 










OE setup prior to RAS during 

l ORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 










Output disable 

tOD 


15 


15 


15 

ns 

29 

OE hold time from WE during 

‘OEH 

15 


15 


15 


ns 

28 

READ-MODIFY-WRITE cycle 










RAS pulse width during 

'RASS 

100 


100 


100 


ps 


SELF REFRESH cycle 










RAS precharge time during 

tRPS 

150 


150 


150 


ns 


SELF REFRESH cycle 










CAS hold time during 

'CHS 

-70 


-70 


-70 


ns 


SELF REFRESH cycle 
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MT4(L)C2M8A1/2 S 
2 MEG x 8 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the *REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gate and 
50pF. 

14. Assumes that *RCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. A ssum es that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the t RCD (MAX) limit ensures that 
*RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD limit ensures that tRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tQFF (MAX) defines the time at which the output 


achieves the open circuit condition, not a reference to 
Voh or Vol. 

21. tWCS, tRWD, tAWD and *CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIFY-WRITE cycles only. If tWCS > tWCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > tRWD (MIN), AWD > *AWD 
(MIN) and 4 CWD > *CWD (MIN), the cycle is a 

RE AD- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
cond ition s is met, the sta te of data out are indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY- 
WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as WE going LOW. 

27. MT4C2M8A2 S only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and tQEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "do n't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. BBU current is reduced as *RAS is reduced from its 
maximum specification during BBU cycle. 

31. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

32. The 3.0 /3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

33. Column address changed once while RAS = Vil and 
CAS = Vih. 
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READ CYCLE 



EARLY-WRITE CYCLE 



V7) DON’T CARE 
[jjjjjjl UNDEFINED 


40TE: 1 . Applies to MT4C2M8A2 S only; WE and DQ inputs on M T4C2M 8A1 S are “don’t care” at RAS time. WE 

selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a 
normal WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MT4(L)C2M8A1/2 S 
2 MEG x 8 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 


‘RASP 1 I ‘rp 



\77)\ DON’T CARE 
H UNDEFINED 


NOTE: 1 . Applies to MT4C2M8A2 S only; WE and DQ inputs on M T4C2M 8A1 S are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a 
normal WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MT4(L)C2M8A1/2 S 
2 MEG x 8 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 




FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C2M8A2 S only; WE and DQ inputs on M T4C2M 8A1 S are “don't care’’ at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a 
normal WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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CA5-BEFORETSa5> refresh cycle 

(A0-A1 1 ; OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A1 1 ; OE = DON’T CARE) 



SELF REFRESH CYCLE (“SLEEP MODE”) 

(A0-A1 1 ; OE = DON’T CARE) 



MT4(L)C2M8A1/2 S 
REV. 4/92 


2-78 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





ADVANCE 


[ 
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2 MEG x 8 DRAM 


ffftS-ONLY REFRESH CYCLE 

(OE and WE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) (REFRESH) 



UNDEFINED 
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MT4(L)C2M8B1/2S 
2 MEG x 8 DRAM 


DRAM 2 MEG x 8 DRAM 

5.0V SELF REFRESH (MT4C2M8B1/2 S) 
3.0/3.3V, SELF REFRESH (MT4LC2M8B1/2 S) 


FEATURES 

• SELF REFRESH, i.e. "Sleep Mode" 

• Industry standard x8 pinouts, timing, functions and 
packages 

• Address entry: 11 row, 10 column addresses (256ms); 

• High-performance, CMOS silicon-gate process 

• Single +5V only or 3/3.3V only ±10% power supply 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• Optional FAST PAGE MODE access cycle 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4(L)C2M8B2 S only) 

• 2,048-cycle refresh (4,096-cycle refresh available as 
MT4(L)C2M8Al/2 S) 

• Low power, 2mW standby; 400mW active, typical (5V) 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Power Supply 

5V ±10% only 

4C 

3.0/3.3V ±10% only 

4LC 

• Masked Write 

Not available 

BIS 

Available 

B2S 

• Packages 

Plastic 28-pin SOJ (400 mil) 

DJ 

Plastic 28-pin TSOP (400 mil) 

TG 

Plastic 32-pin SOJ (400 mil) 

DL 

Plastic 32-pin TSOP (400 mil) 

TL 


NOTE: Available in die form. Please consult factory for die data sheets. 

• Part Number Example: MT4C2M8B1DJ-7 S 


PART DESCRIPTION 


MT4C2M8B1 S 
MT4C2M8B2 S 
MT4LC2M8B1 S 
MT4LC2M8B2 S 


5.0V, non-masked write 
5.0V, masked write 
3.0V/3.3V, non-masked write 
3.0V/3.3V, masked write 


GENERAL DESCRIPTION 

The MT4C2M8B1/2 S and MT4LC2M8B1/2 S are 
randomly accessed solid-state memories containing 


PIN ASSIGNMENT (Top View) 


28-Pin SOJ 

(Q-4) 


VccE 1 
DQ1 C 2 
DQ2 [ 3 
DQ3 E 4 
DQ4 [ 5 
WE E 6 
RASE 7 
*NC E 8 
A10E 9 
AO E 10 
A1 E 11 
A2E 12 
A3 E 13 
VccE 14 


5_3 Vss 
27 3 DQ8 
26 3 DQ7 
25 3 DQ6 
24 3 DQ5 
23 ] GAS 
22 ] OE 
21 ] A9 
20 ] A8 
19 3A7 
18 3 A6 
17 ] A5 
16 ] A4 
15 3 Vss 


32-Pin SOJ 

(Q-5) 


VccEj[ 
DQ1 E 2 
DQ2E 3 
DQ3E 4 
DQ4E 5 
NCE 6 
WE E 7 
RASE 8 
NCE 9 
*NC E 10 
A10E 11 
A0 E 12 
A1 E 13 
A2E 14 
A3 E 15 
VccE 


16 


32 ] Vss 
31 ] DQ8 
30 ] DQ7 
29 ] DQ6 
28 ] DQ5 
27 ] CAS 

26 Joe 

25 3 NC 
24 ] NC 
23 3 A9 
22 3 A8 
21 ] A7 
20 ] A6 
19 3 A5 
18 3 A4 
17 3 Vss 


28-Pin TSOP 

(Ft-3) 



32-Pin TSOP 

(FI-4) 


Vcccx 1 
DQ1 CL 2 
DQ2 0: 3 
DQ3 cr 4 
D Q4 IX 5 
NC cr 6 
WE cr 7 
RASH 8 
NC cr 9 
*NC cr 10 
AlOcr 11 
AO ± 12 
A1 cr 13 
A2 cr 14 
A3 cr 
Vcccr 


15 


19 


32 xi Vss 
31 X DQ8 
30 X DQ7 
29 X DQ6 
28 X DQ5 
27 X CAS 
26 X OE 
25 X NC 
24 X NC 
23 X A9 
22 X A8 
21 X A7 
20 X A6 


] A5 


18 X A4 
17 X Vss 


*A1 1 on 1 2 row address version 


16,777,216 bits organized in a x8 configuration. The 
MT4G2M8B1/2 S and the MT4LC2M8B1/2 S are the 
same DRAM versions except that the MT4LC2M8B1/2 S 
are low voltage versions of the MT4C2M8B1/2 S. The 
MT4LC2M8B1/2 S are designed to operate in either a 
3.0V ±10% or a 3.3V ±10% memory system. All further 
references made for the MT4C2M8B1/2 S also apply to 
the MT4LC2M8B1/2 S, unless specifically stated other- 
wise. Each byte is uniquely addressed through the 21 
address bits during READ or WRITE cycles. The address 
is entered first by RAS latching 11 bits (A0-A10) and then 
CAS latching 10 bits (A0-A10). 

The MT4C2M8B2 S has NONPERSISTENT MASKED 
WRITE, allowing it to perform WRITE-PER-BIT accesses. 
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PIN DESCRIPTIONS 


28-PIN DEVICE 
PIN NUMBERS 

32-PIN DEVICE 
PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

7 

8 

RA5 

Input 

Row Address Strobe: RAS is used to clock-in the 11 row- 
address bits and strobe the WE and DQs in the MASKED 
WRITE mode (MT4C2M8B2 S only). 

23 

27 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. 

6 

7 

WE 

Input 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a Mask 
Enable (WE = LOW) at the falling edge of RAS in a 
MASKED-WRITE cycle (MT4C2M8B2 S). 

22 

26 

OE 

Input 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise the output buffers are in a High-Z 
state. 

10-13, 16-21 , 

9 

12-15,18-23, 

11 

A0-A10 

Input 

Address Inputs: These inputs are multiplexed and docked 
by RAS and CAS to select one byte out of the 2 Meg 
available words. 

2-5, 24-27 

2-5, 28-31 

DQ1-DQ8 

Input 

Data I/O: Includes inputs, outputs or High-Z and/or Output 
masked data input (for MASKED WRITE cycle only). 

8 

6, 9, 24, 25, 10 

NC 


No Connect: These pins should be either left unconnected 
or tied to ground. 

1, 14 

1, 16 

Vcc 

Supply 

Power Supply: +5V ±10% (C), 3.0/3.3V ±10% (LC) 

15,28 

17,32 

Vss 

Supply 

Ground 
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MT4(L)C2M8B1/2S 
2 MEG x 8 DRAM 


FUNCTIONAL DESCRIPTION 

* Each bit is uniquely addressed through the 21 address 
bits during READ or WRI TE cy cles. First RAS is used to 
latch 1 1 bits (A0-A10) then CAS latches 10 bits (A0-A9). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW- 

READ or WRITE cycles are selected by WE. A logic HIGH 
on WE dictates READ mode while a logic LOW on WE 
dictates WRITE mode. During a WRITE cycle, data in (D) is 
latched by the falling edge of WE or CAS, whichever occurs 
last. Taking WE LOW will i nitiate a WRITE cyc le, sel ecting 
DQ1 through DQ8. If WE goes LOW prior to CAS going 
LOW , the ou tput p in(s) remain op en (H igh- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 
reaches the output pins, data out (Q) is activated and retains 
the selected cell data as long as CAS and OE remain LOW 
(regardless of WE or RAS). This late WE pulse results in a 
READ- WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common 1/ O, and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -All) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MOD E o perati on. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or 
HIDDEN REFRESH) so that all 2,048 combinations of RAS 
addresses (A0-A10) are executed at least every 256ms, 
regardless of sequence. The CAS-BEFORE-RAS refresh 


cycle will also invoke the refresh counter and controller for 
row address control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten- 
tion c y cle. R AS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

SELF REFRESH is similar to BBU except that the DRAM 
provides its own internal clocking during "SLEEP MODE". 
Thus, an external clock is not required for additional power 
savings and design ease. The SELF REFRESH version 
retains the extended refresh rate of 512ms. 

MASKED WRITE ACCESS CYCLE 
(MT4C2M8B2 S ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS time 
will be written to an internal mask data register and will 
then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be written to 
the DRAM (if the mask data bit was HIGH) or ignored (if the 
mask data bit was LOW). 

In nonpersistent MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4C2M8B2 S MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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MASKED WRITE 


NONMASKED WRITE 



DQ1 


DQ8 


STORED MASK 
DATA DATA 

T) 0 

_1_ 1 

J_ 0 

_ 1 _ 1 

J_ 0 

_ 1 _ 1 

J_ 0 

1 1 


INPUT 

X 

0 -----> 
X 

0 > 

X 

0 > 

X 

0 > 


STORED STORED 
DATA DATA 


1 



_1_ 

_0_ 



_o_ 

1 



i 

_0_ 



_o_ 

1 



i 

_0_ 



_o_ 

1 



i 

0 



0 


MASK 

DATA 

X 

X 

X 

X 

X 

X 

X 

X 


INPUT STORED 

DATA DATA 


> 

1 

> 

1 


1 

> 

1 

— — > 

0 

> 

0 


0 


0 


ADDRESS 0 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


DON’T CARE 


Figure 1 

MT4C2M8B2 S MASKED WRITE EXAMPLE 
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MT4(L)C2M8B1/2 S 
2 MEG x 8 DRAM 


TRUTH TABLE 


FUNCTION 

RAlf 

CAST 

WE 

w 

ADDRESSES 

DQs 


*R 

<C 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

i 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

i 

FAST-PAGE- 
MODE READ 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H— L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE- 
MODE WRITE 

1 st Cycle 

L 

H— L 

L 

X 

ROW 

COL 

Data In 

i 

2nd Cycle 

L 

H-*L 

L 

X 

n/a 

COL 

Data In 

i 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

i 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

i 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-»H-»L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

TtAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RA5 REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


SELF REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 



NOTE: 1 . Data in will be dependent on the mask provided (MT4C2M8B2 S only). Refer to Figure 1 . 
2. EARLY WRITE only. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc supply relative to Vss (5V) -IV to +7V 

Voltage on Vcc supply relative to Vss (3V) ...-1V to +4.6V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) . -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 




DC OPERATING SPECIFICATIONS FOR 5V VERSION 

(Notes: 1,3,4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V +10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1,30 

Input High (Logic 1 ) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

ma 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

l° z 

-TO 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage ( Iout = 2.1 m A) 

VOH 

2.4 


V 


VOL 


0.4 

V 



DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 

(Notes: 1, 3, 4, 6, 7, 31) (0°C < T A < 70°C; Vcc = 3.0/3.3V +10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

2.7 

3.6 

V 

1,31 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2mA) 

Output Low Voltage (Iout = 2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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2 MEG x 8 DRAM 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 


(Notes: 1 , 3, 4, 6, 7, 30) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL (RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: CMOS (RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X RC (MIN)) 

ICC3 

140 

130 

120 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN); X CP, l ASC = 10ns) 

ICC4 

100 

90 

80 

mA 

3, 4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

140 

130 

120 

mA 

3, 32 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

140 

130 

120 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS- BE FORE- RAS cycling; RAS = X RAS (MIN) to 

300ns; WE, A0-A1 1 and Din = Vcc - 0.2V (Din may be left open), 
t RC = 1 25jis (1 ,024 rows at 1 25|xs = 1 28ms) 

ICC7 

300 

300 

300 

pA 

3,30 

REFRESH CURRENT: SELF 

Average power supply current during SELF refresh: CBR cycle 
with RAS > 'RASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 

A0-A9 and Din = Vcc - 0.2V or 0.2V (Din may be left open) 

ICC8 

300 

300 

300 

pA 

5 
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DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 


(Notes: 1 , 3, 4, 6, 7, 31) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL (RAS = CAS = Vih) 

Icci 

T 

1 

1 

mA 


STANDBY CURRENT: CMOS (RAS = CAS = Vcc -0.2V) 

ICC2 

80 

80 

80 

f*A 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = X RC (MIN)) 

ICC3 

90 

90 

80 

mA 

3, 4, 32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN); X CP, X ASC = 10ns) 

ICC4 

75 

65 

55 

mA 

3, 4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: x RC = *RC (MIN)) 

ICC5 

100 

90 

80 

mA 

3, 32 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC6 

100 

90 

80 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = l RAS (MIN) to 

300ns; WE, A0-A1 1 and Din = Vcc - 0.2V (Din may be left open), 
l RC = 1 25ps (1 ,024 rows at 1 25ps = 1 28ms) 

ICC7 

100 

100 

100 

F A 

3,30 

REFRESH CURRENT: SELF 

Average power supply current during SELF refresh: CBR cycle 
with RAS > l RASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 

A0-A9 and Din = Vcc - 0.2V or 0.2V (Din may be left open) 

ICC8 

■ . 

100 

100 

100 

pA 

5 
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MT4(L)C2M8B1/2 S 
2 MEG x 8 DRAM 


CAPACITANCE 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cm 

5 

pF 

2 

Input Capacitance: RAS, CAS, WE, OE 

Cl2 

7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < +70°C) 


AC CHARACTERISTICS 


-6 

-7 : 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

155 


180 


200 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

35 


40 


40 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

'PRWC 

85 


95 


100 


ns 


Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Output Enable 

'OE 


15 


15 


15 

ns 


Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

t CSH 

60 


70 


80 


ns 


CAS precharge time 

*CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

'RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 



26 

Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 



19, 26 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


o 


ns 


Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20, 29 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < +70°C) 


AC CHARACTERISTICS 



3 

..... -7 

^ 1 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

WE command setup time 

•wcs 

0 


0 


0 


ns 

21,26 

Write command hold time 

*WCH 

10 


15 


15 


ns 

26 

Write command hold time 

WEHSmM 



55 




ns 

26 

(referenced to RAS) 

■H 









Write command pulse width 

mm-w 

10 


15 


15 


ns 

26 

Write command to RAS lead time 

H3S 

15 


20 


20 


ns 

26 

Write command to CAS lead time 


15 


20 


20 


ns 

26 

Data-in setup time 

*DS 

0 


0 


0 


ns 

22 

Data-in hold time 

! DH 

10 


15 


15 


ns 

22 

Data-in hold time 






60 


ns 


(referenced to RAS) 










RAS to WE delay time 

l RWD 

85 


95 _ 


105 


ns 

21 

Column address 

*AWD 

55 




65 


ns 

21 

to WE delay time 










CAS to WE delay time 

*CWD 



45 


45 


ns 

21 

T ransition time (rise or fall) 

*T. 

HOH 

50 

3 


3 

50 

ns 

9,10 

Refresh period (2,048 cycles) 

'REF 


256 




256 

ms 


RAS to CAS precharge time 

Ml-hik 

0 


0 


0 


ns 


CAS setup time 

*CSR 

5 


5 


5 


ns 

5 

(CAS-BEFQRE-RAS refresh) 










CAS hold time 

*CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time (MASKED WRITE and 

*WRH 

15 


15 


15 


ns 

26 

CAS-BEFORE-RAS refresh) 










WE setup time 

! WRP 

10 


10 


10 


ns 

26 

(CAS-BEFORE-RAS refresh) 










WE setup time 

! WRS 

10 


10 


10 


ns 

26 

(MASKED WRITE) 



!■ ■ ■; 







OE setup prior to RAS during 

•ORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 










Output disable 

! OD 


15 


15 


15 

ns 


OE hold time from WE during 

*OEH 

15 


15 


15 


ns 

28 

READ-MODIFY-WRITE cycle 










RAS pulse width during 

*RASS 

100 


100 


100 


*is 

34 

SELF REFRESH cycle 










RAS precharge time during 

*RPS 

150 


150 


150 


ns 

34 

SELF REFRESH cycle 








• ' "••• ■ 


CAS hold time during 

'CHS 

-70 


-70 


-70 


ns 

34 

SELF REFRESH cycle 


. 







. 
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MT4(L)C2M8B1/2 S 
2 MEG x 8 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles ( RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the *REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or b etween Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gate and 
50pF. 

14. Assumes that t RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. A ssum es that *RCD > tRCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD limit ensures that tRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
Voh or Vol. 


21. tWCS, tRWD, *AWD and *CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIF Y -WRITE cycles only. If HVCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > f RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a , 

RE AD- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data out are indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE- WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE- WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ-MODIFY- 
WRITE operations are not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as WE going LOW. 

27. MT4C2M8B2 S only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after t OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *OD or kDFF 
occur. If CAS goes HIGH fir st, OE becomes a "do n't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a don't care; and the DQs will provide the 
previ ously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. BBU current is reduced as l RAS is reduced from its 
maximum specification during BBU cycle. 

31. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

32. The 3.0/3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

33. Column address changed once while RAS = Vil and 
CAS = Vm. 

34. When exiting the SELF REFRESH mode, a complete 
set of row refreshes must be executed in order to 
ensure the DRAM will be fully refreshed. 
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2 MEG x 8 DRAM 



READ CYCLE 



EARLY-WRITE CYCLE 



YOTE: 1 . Applies to MT4C2M8B2 S only; WE and DQ inputs on M T4C2M 8B1 S are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a 
normal WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MT4(L)C2M8B1/2 S 
2 MEG x 8 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1 . Applies to MT4C2M8B2 S only; WE and DQ inputs on M T4C2M 8B1 S are “don’t care” at R AS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a 
normal WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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2 MEG x 8 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 



* ^ WMMMMZZMMllZMZ^ 


FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C2M8B2 S only; WE and DQ inputs on M T4C2M 8B1 S are “don’t care” at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a 
normal WRITE (WE HIGH at RAS time). The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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WIDE DRAM 


ADVANCE 


MICRON 

1 TECHNOLOGY, INC. 


MT4(L)C2M8B1/2 S 
2 MEG x 8 DRAM 


CAS-BEF0RE-RA5 refresh cycle 

(A0-A10; OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A10; OE = DON’T CARE) 



SELF REFRESH CYCLE (“SLEEP MODE”) 

(A0-A10; OE = DON’T CARE) 


RAS 

CAS 

DQ 

WE 



remains LOW, the DRAM will be in Self 0773 

Refresh, commonly referred to as UNDEFINED 

“sleep mode.” 
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ADVANCE 



MT4(L)C2M8B1/2 S 
2 MEG x 8 DRAM 


ffAg-ONLY REFRESH CYCLE 

(OE and WE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 


(READ) (REFRESH) 
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MT4C1 664/5 
64K x 16 DRAM 


iL 


DRAM 64K x 16 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V±10% power supply 

• Low power, 3m W standby; 225mW active, typical 

• All device pins are fully TTL compatible 

• 256-cycle refresh in 4ms 

• Refresh modes: MS-ONLY, CAS-BEFORE-MS 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• BYTE WRITE access cycle (MT4C1664 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1665 only) 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Write Enable 

Byte or Word 

MT4C1664 

Word only 

MT4C1665 

* Mask Enable 

Not Available 

MT4C1664 

Always Available 

MT4C1665 

» Packages 

Plastic SOJ (400mil) 

DJ 

Plastic TSOP (400mil) 

TG 

Plastic ZIP (475mil) 

Z 


NOTE: Available in die form Please consult factory for die data sheets. 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(Q-6) 


Vcc [_1 

DQ1 [ 2 
DQ2 [ 3 
DQ3 C 4 
DQ4 [ 5 
DQ5 [ 6 
DQ6 [ 7 
DQ7 [ 8 
DQ8 [ 9 
NC [ 10 
Vcc [ 11 
•NC/WEH [ 12 
*WE/WEL [ 13 
RAS C 14 
AO [ 15 
A1 C 16 
A2 E 17 
A3 [ 18 
A4 C 19 
Vcc C 20 


39 ] DQ16 
38 ] DQ15 
37 ] DQ14 
36 ] DQ13 
35 ] DQ12 
34 3 DQ1 f 
33 3 DQ10 
32 3 DQ9 
31 3 NC 
30 3 Vss 
29 3 CAS 
28 3 OE 
27 3 NC 
26 3 NC 
25 3 NC 
24 3 A7 
23 3 A6 
22 3 A5 
21 3 Vss 


40-Pin TSOP 

(R-5) 


Vcc d 1 
DQ1 □; 2 
DQ2 cr 3 
DQ3 cr 4 
DQ4 cr 5 
DQ5 cr 6 
DQ6 CE 7 
DQ7 cr 8 
DQ8 CC 
NC cc 


Vcc cr 13 
*NC/WEH cc 14 
*WE/WEL cc 15 
RAS cr 16 
AO CC 17 
A1 cr 
A2 cr 
A3 cr 20 
A4 CE 21 
Vcc CE 22 


10 


19 


43 n DQ16 
42 n DQ15 
41 n DQ14 
40 n DQ13 
39 ri DQ12 
38 33 DQ11 
37 33 DQ10 
36 33 DQ9 
35 n NC 


32 33 Vss 
31 n CAS 
30 33 OE 
29 33 NC 
28 33 NC 
27 33 NC 
26 33 A7 
25 33 A6 
24 33 A5 
23 33 Vss 


40-Pin Zip 

( 0 - 4 ) 


NC 1 
DQ10 3 
DQ12 5 
DQ14 7 
DQ16 9 
DQ1 11 
Vcc 13 
DQ4 15 
DQ6 17 
DQ8 19 
Vcc 21 
*WE/WEL 23 
AO 25 
A2 27 
A4 29 
NC 31 
Vss 33 
A6 35 
NC37 
CAS 39 


2 DQ9 
4 DQ11 
6 DQ13 
8 DQ15 
10 Vss 
12DQ2 
14 DQ3 
16DQ5 
18DQ7 
20 NC 

22 *NC/WEH 
24 RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 0E 
40 Vss 


*MT4C1 665/MT4C1 664 


GENERAL DESCRIPTION 

The MT4C1664/5 are randomly accessed solid-state 
nemories containing 1,048,576 bits organized in a xl6 
:onfiguration. The MT4C1664 has both BYTE and WORD 
VRITE access cycles while the MT4C1665 has only WORD 
VRITE access cycles. 

The MT4C1664 functions in a similar manner to the 
4T4C1665 except that replacing WE with WEL and WEH 
Hows for BYTE WRITE access cycles. WEL and WEH 
unction in an identical manner to WE: either WEL or WEH 


will generate an internal WE through an AND gate (In- 
verted NOR gate). 

The MT4C1664 "WE" f unction and tim ing are determined 
by the first BYTE WRITE (WEL or WEH ) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

TheMT4C1665hasNONPERSISTENT MASKED WRITE 
cycles. 
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MT4C1 664/5 
64Kx 16 DRAM 


FUNCTIONAL BLOCK DIAGRAM 



DQ1-DQ16 
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MT4C1 664/5 
64Kx 16 DRAM 


:ri 


PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

TSOPPIN 

NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

, 

24 

16 

RAS 

Input 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DQ 
inputs for the MASKED WRITE function. 

29 

. 

39 

31 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. 

28 

38 

30 

CE 

Input 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. RAS and 

CAS must be LOW and WEL and WEH must be HIGH 
before OE will control the output buffers. Otherwise the 
output buffers are in a High-Z state. 

13 

23 

15 

WE/WEL* 

Input 

WRITE Enable Lower Byte: WEL on MT4C1664 is 

WE control for the DQ1 through DQ8 inputs. WE on 
MT4C1665 controls DQ1 through DQ16 inputs. If 
(WEL or WEH)/WE is LOW, the access is a WRITE 
cycle. The DQ outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

12 

22 

14 

NC/WEH* 

Input 

Write Enable Upper Byte: WEH on MT4C1664 is WE 
control for the DQ9 through DQ16 inputs. If (WEL or 
WEH)/WE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT4C1 665 as it has only 
WORD WRITE access cycles. 

15-19, 

22-24 

25-29, 

34-36 

17-21, 

24-26 

A0-A7 

Input 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 1 6-bit word out 
of the 64K available words. 

2-9, 

32-39 

11, 12, 
14-17,2, 
18, 19, 

3-9 

2-9, 

36-43 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs 
to the addressed DRAM location. BYTE WRITES can 
be performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, DQ1-DQ16 act 
as outputs for the addressed DRAM ocation. All 1 6 

I/Os are active for READ cycles (there is no BYTE 

READ cycle). 

10,25-27, 

31 

1,20,31, 
32, 37 

10,27-29, 

35 

NC 

- 

No Connect: These pins should be either left 
unconnected or tied to ground. 

1, 11, 20 

13,21,30 

1, 13, 22 

Vcc 

! Supply 

Power Supply: +5V ±10% 

21,30,40 

10, 33,40 

23, 32, 44 

Vss 

Supply 

Ground 


NOTE: *MT4C1 665/MT4C1 664 
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■ WIDE DRAM 


I^ICZRON 


MT4C1 664/5 
64K x 16 DRAM 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 16 address 
bits during READ or WR ITE cycles. These are entered 8 bits 
(A0-A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or WRITE cycles on t he MT 4 C1665 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1664. The MT4C166 4 "WE " function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW an d the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. T aking WE LOW will initiate a WRITE 
cycle, selecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going L OW, t he out put p in(s) remain op en (H igh- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4C1664) or WE (MT4C1665). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
inby CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The c hip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ/WRITE, RAS-ONLY, CA5-BEFOR E-RAS , or HID- 
DEN refresh) so that all 256 combinations of RAS addresses 
(A0-A7) are e xecute d at lea st eve ry 4ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 


invoke the refresh counter and controller for row address 
control. 

BYTE WRITE DESCRIPTION (MT4C1664 ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQ1-DQ8) while enabling WEH will select 
an upper BYTE WRITE (DQ9-DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1664 can be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1664 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1665 ONLY) 

Every WRITE access cy cle ca n be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The M T4C16 65 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1664 does not have MASKED WRITE cycle function) . 

Th e data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the following WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illust rates the MT4 C1665* MASKED WRITE 
operat ion (N ote: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ1 6) 
OF WORD 



X . NOT EFFECTIVE (DON'T CARE) 


Figure 1 

MT4C1664 WORD AND BYTE WRITE EXAMPLE 
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TECHNOLOGY, INC. 


MT4C1 664/5 
64K x 16 DRAM 


RAS 


- WORD MASKED WRITE - 


WORD NON-MASKED WRITE 


7 "~\ 



LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


STORED MASK 
DATA DATA 

T] o 

j_ i 

JL 0 

j_ i 

_1_ o 

j_ i 

j_ o 

i i 


INPUT STORED 
DATA 

x IT 

0 > _0_ 

X J_ 

0 > _0_ 

X _1_ 

0 ----> 

x _r 

0 ----> o 


STORED MASK 

DATA DATA 

T] x 

_0_ X 

J_ x 

_0_ X 

_1_ x 

_0_ X 

JL x 

o x 


INPUT STORED 

DATA DATA 

i - > IT 

i > j_ 

i > _i_ 

i > _2_ 

o > _o_ 

0 > _0_ 

0 ----- > _o_ 

0 > 0 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


J_ 0 

JL 0 

_o_ o 

JL 0 

JL 1 

JL 1 

JL 1 

o 1 



ADDRESS 0 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


Y7/\ DON’T CARE 


Figure 2 

MT4C1 665 MASKED WRITE EXAMPLE 
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MICRON 

H TECHNOLOGY. INC. 


MT4C1 664/5 
64Kx 16 DRAM 


TRUTH TABLE: MT4C1664 


FUNCTION 

RAi? 

CAS 

WET 

WEFT 

OF 

ADDRESSES 

DQs 

NOTES 

l R 


Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 


ROW 

COL 

Data In 


WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 


ROW 

COL 

Lower Byte, Data In 

Upper Byte, High-Z 

■ 

WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

H 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Data In 


READ-WRITE 

L 

L 

H-L 

H— L 


ROW 

COL 

Data Out, Data In 

1 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H— L 

H 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

: L 1 

H-L 

L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

H-L 

L 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H-*L 

L 

X 

X 

X 

X 

X 

High-Z 



MOTE: 1 . These cycles may also be byte WRITE cycles (either WEL or WEH active). 
2. EARLY-WRITE only. 
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MT4C1 664/5 
64Kx 16 DRAM 


TRUTH TABLE: MT4C1665 


FUNCTION 

RAS 

EAST 

WE" 

w 

ADDRESSES 

DQs 

NOTES 

*R 

! c 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 

H-*L 

L-H 

ROW 

COL 

Data Out, Data In 

T 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-+L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

HH_ 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-fiAS 

REFRESH 

H-L 

L 

X 

X 

X 

. 

X 

High-Z 



NOTE: 1 . Data In will be dependent on the mask provided. Refer to Figure 2. 
2. EARLY-WRITE only. 
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MICRON 

» TECHNOLOGY. INC. 


MT4C1 664/5 
64Kx 16 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -1.0V to +7.0V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

Vih 

2.4 

Vcc-i-1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

li 

-2 

2 

uA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

H A 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1 mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICG2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

120 

110 

100 

mA 

3, 4, 31 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN); 

*CP, 'ASC = 10ns) 

ICC4 

80 

70 

60 

mA 

3,4,31 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: l RC = 4 RC (MIN)) 

ICC5 

120 

110 

100 

mA 

3, 31 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

120 

110 

100 

i 

mA 

3,5 
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MT4C1 664/5 
64Kx 16 DRAM 



CAPACITANCE 


(Note: 2) 




o 

m 

o 

30 

> 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13, 23) (0°C < T A < +70°C; Vcc = 5V ± 10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


145 


170 


ns 


READ-WRITE cycle time 

'RWC 

175 


185 


220 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

45 


50 


60 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

95 


100 


120 


ns 


Access time from RAS 

tRAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


25 


25 


30 

ns 

15 

Output Enable time 

x OE 


25 


25 


30 

ns 


Access time from column address 

l AA 


40 


45 


50 

ns 


Access time from CAS precharge 

l CPA 


45 


50 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


' 20 


25 


ns 


RAS precharge time 

*RP 

45 


45 


60 


ns 


CAS pulse width 

tCAS 

25 

100,000 

25 

100,000 

30 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

45 

20 

50 

25 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

35 

15 

40 

15 

50 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

55 


60 


70 


ns- 


Column address to 

RAS lead time 

t RAL 

35 


40 


50 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 

l RCH 

0 


0 


0 


ns 

19,26 

Read command hold time 
(referenced to RAS) 

tRRH 

0 

... 

0 

' 

0 


ns 

19 

CAS to output in Low-Z 

X CLZ 

0 


0 


2 1 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 1 3, 23) (0°C < T A < +70°C; Vcc = 5V + 1 0%) 


AC CHARACTERISTICS 


- 

7 

- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

l OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 30 

Output disable time 

<OD 


15 


15 


20 

ns 

30 

Write command setup time 


0 


0 


0 


ns 

H3M5I 

Write command hold time 

* WCH 

15 


15 


15 


ns 

26 

Write command hold time 

‘WCR 

50 


55 


65 


ns 

26 

(referenced to RAS) 










Write command pulse width 

l WP 

15 


15 


15 


ns 

26 

Write command to RAS lead time 

*RWL 

20 


20 


20 


ns 

26 

Write command to CAS lead time 

l CWL 

20 


20 


20 


ns 

26 

Data-in setup time 

tos 

0 


0 


0 


ns 

22 

Data-in hold time 

l DH 

15 


15 


20 


ns 

22 

Data-in hold time 

*DHR 

50 


55 


65 


ns 


(referenced to RAS) 










RAS to WE delay time 

*RWD 

90 


100 


125 


ns 

21 

Column address 

*AWD 

65 


70 


80 


ns 

21 

to WE delay time 










CAS to WE delay time 

*CWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 

l T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (256 cycles) 

‘REF 


4 


4 


4 

ms 

28 

RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

10 


10 


10 


ns 

5 

(CA3-BEFORE-RA5 refresh) 










CAS hold time 

l CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 





’ 





MASKED WRITE command to RAS 

*WRS 

0 


0 


0 


ns 

26, 27 

setup time 










MASKED WRITE command to RAS 

*WRH 

15 


15 


15 


ns 

26, 27 

hold time 










Mask data to RAS setup time 

l MS 

0 


0 


0 


ns 

26 

Mask data to RAS hold time 

*MH 

15 


15 


15 


ns 

26 

OE hold time from WE during 

^EH 

10 


10 


20 


ns 

29 

R E AD-MOD IFY-WRITE cycle 










OE setup prior to RAS during 

{ ORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the ’REF 
refresh requirement is exceeded. 

8. AC characteristics assume ’T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS - Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gates and 
50pF. 

14. Assumes that t RCD < ’RCD (MAX). If ’RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that ’RCD 
exceeds the value shown. 

15. Assumes that ’RCD > ’RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for ’CPN. 

17. Operation within the ’RCD (MAX) limit ensures that 
’RAC (MAX) can be met. ’RCD (MAX) is specified as 
a reference point only; if ’RCD is greater than the 
specified ’RCD (MAX) limit, then access time is 
controlled exclusively by ’CAC. 

18. Operation within the ’RAD (MAX) limit ensures that 
’RCD (MAX) can be met. ’RAD (MAX) is specified as 
a reference point only; if ’RAD is greater than the 
specified ’RAD (MAX) limit, then access time is 
controlled exclusively by ’AA. 

19. Either ’RCH or ’RRH must be satisfied for a READ 
cycle. 


20. ’OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. ’WCS, ’RWD, ’AWD and ’CWD are restrictive 
operating parameters in LATE-WRITE and READ- 
MODIFY- WRITE cycles only. If ^CS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If ’RWD > ’RWD (MIN), ’AWD > ’AWD 
(MIN) and ’CWD > ’CWD (MIN), the cycle is a LATE- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out are indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE- 
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH m ay al so be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. . 

26. Write command is defined as either WEL or WEH of 
both going LOW on the MT4C1664. Write command 
is defined as WE going LOW on the MT4C1665. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both ’OD and ’OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide t he p reviously read data if CAS 
remains LOW and OE is taken back LOW after ’OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once ’OD or ’OFF 

occur. If CAS goes HIGH first, OE becomes a "do n't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

31. Column address changed once while RAS = Vil and 
CAS = Vih. 
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READ CYCLE 



EARLY-WRITE CYCLE 



Y7A DON’T CARE 
jjjjjjl UNDEFINED 


NOTE: 1 . Applies to MT4C1 665 only; WEL, WEH and DQ inputs o n MT4 C1 664 are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MT4C1 664/5 
64Kx 16 DRAM 


READ-WRITE CYCLE 

(LATE- WRITE and READ-MODI FY-WRITE CYCLES) 




$$ UNDEFINED 


NOTE: 1 . Applies to MT4C1 665 only; WEL, WEH and DQ inputs o n MT4 C1664 are “don’t care” at RAS time. WE 

selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



§$$ UNDEFINED 

NOTE: 1 . Applies to MT4C1 665 only; WEL, WEH and DQ inputs o n MT4 C1 664 are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRIT E, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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64K x 16 DRAM 


RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A7, OE; WEL, WEH or WE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

( WEL, WEH or WE = HIGH; OE = LOW) 


(READ) 


(REFRESH) 




MT4C1 664/5 
REV. 4/92 


2-114 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





MICRON 

S TECHNOLOGY, INC. 


MT4C1 664/5 L 
64Kx 16 DRAM 


DRAM 

64K x 16 DRAM 


LOW POWER 

EXTENDED REFRESH 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• Optional FAST PAGE MODE access cycle 

• BYTE WRITE access cycle (MT4C1664 L only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1665 L only) 

• Reduced CMOS STANDBY CURRENT 

• Low power, lmW standby; 225mW active, typical 

• Extended refresh: 256 cycles over 32ms (125ps cycles) 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Write Enable 

Byte or Word 

MT4C1664 L 

Word only 

MT4C1665 L 

• Mask Enable 

Not available 

MT4C1664 L 

Always available 

MT4C1665 L 

• Packages 

Plastic SOJ (400mil) 

DJ 

Plastic TSOP (400mil) 

TG 

Plastic ZIP (475mil) 

Z 


NOTE: Available in die form Please consult factory for die data sheets. 

• Part Number Example: MT4C1664DJ-7 L 


GENERAL DESCRIPTION 

The MT4C1664/5 L are randomly accessed solid-state 
memories containing 1,048,576 bits organized in a xl6 
configuration. The MT4C1664 L has both BYTE and WORD 
WRITE access cycles while the MT4C1665 L has only WORD 
WRITE access cycles. 

The MT4C1664 L functions in a similar manner to the 
MT4C 1665 L except that replacing WE with WEL and 
WEH allows for BYTE WRITE access cycles. WEL and 
WEH function in an identical manner to WE: either WEL 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

( 0 - 6 ) 


Vcc EJ 

DQ1 [ 2 
DQ2 [ 3 
DQ3 C 4 
DQ4 C 5 
DQ5 [ 6 
DQ6.C 7 
DQ7 I 8 
DQ8 [ 9 
NC C 10 
Vcc C 11 
*NC/WEH L 12 
*WE/WEL C 13 
RAS C 14 
AO C 15 


□ 16 


A1 
A2 d 17 
A3 C 18 
A4 [ 19 


40 ] Vss 
39 3 DQ16 
38 3 DQ15 
37 3 DQ14 
36 3 DQ1 3 
35 3 DQ12 
34 3 DQ11 
33 3 DQ10 
32 3 DQ9 
31 3 NC 
30 3 Vss_ 
29 3 CAS 
28 3 OE 
27 3 NC 
26 3 NC 
25 3 NC 
24 3 A7 
23 3 A6 
22 3 A5 
21 3 Vss 


40-Pin TSOP 

(R-5) 


Vcc ex 
DQ1 tx 2 
DQ2 cx 3 
DQ3 exj 4 
DQ4 I 
DQ5 cd 6 
DQ6 CX 7 
DQ7 CX 8 
DQ8 cx ! 
NC cx 10 


Vcc cd ‘ 
*NC/WEH exj 14 
*WE/WEL I 

RAS crj 16 
AO CX 17 
A1 CX 18 
A2 CX 19 
A3 CX 20 
A4 CX 21 
Vcc cx 22 


44 X! Vss 
43 XI DQ16 
42 XI DQ15 
41 XI DQ14 
40 XI DQ13 
39 XI DQ12 
38 XI DQ11 
37 XI DQ10 
36 XI DQ9 
35 x NC 


32 13 Vss_ 
31 Xi CAS 
30 X3 OE 
29 13 NC 
28 XI NC 
27 xi NC 
26 XI A7 
25 X3 A6 
24 XI A5 
23 XI Vss 


40-Pin Zip 

(0-4) 


NC 1 
DQ10 3 
DQ12 5 
DQ14 7 
DQ16 9 
DQ1 11 
Vcc 13 
DQ415 
DQ617 
DQ819 
Vcc 21 
‘WE/WEL 23 
A0 25 
A2 27 
A4 29 
NC 31 
Vss 33 
A6 35 
NC 37, 
CAS 39 


2 DQ9 
4 DQ1 1 
6 DQ13 
8 DQ15 
10 Vss 
12DQ2 
14DQ3 
16DQ5 
18DQ7 
20 NC 

22 ‘NC/WEH 
24 RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 0E 
40 Vss 


*MT4C1665 LVMT4C1664 L 


or WEH will generate an internal WE through an AND 
gate (inverted NOR gate). 

The MT4C1664 L "WE" fun ction a n d timin g are deter- 
mined by the first BYTE WRITE (WEL or WEH ) to transition 
LOW and the last to transition back HIGH. Use of only one 
of the two results in a BYTE WRITE cycle: WEL transition- 
ing LOW selects a WRITE cycle for the lower byte (DQ1- 
DQ8) or WEH transitioning LOW selects a WRITE cycle for 
the upper byte (DQ9-DQ16). 
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The MT4C1665 L has NONPERSISTENT MASKED 
WRITE capability. 

The extended refresh of the MT4C1664/5 L provides a 
factor-of-eight reduction of refresh intervals required, as 
compared to a standard 64K x 16 DRAM (MT4C1664/5). 


The MT4C1664/5 L offers lower operating power as well as 
reduced refresh and standby currents. The MT4C1664/5 L 
are the same devices as the MT4C1664/5, but with low 
power capabilites. 


FUNCTIONAL BLOCK DIAGRAM 



DQ1-DQ16 


-o OE 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

TS0P PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

24 

16 

RAS 

Input 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DQ 
inputs for the MASKED WRITE function. 

29 

39 

31 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. 

28 

38 

30 

OE 

Input 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. RAS and 

CAS must be LOW and WEL and WEH must be HIGH 
before OE will control the output buffers. Otherwise the 
output buffers are in a High-Z state. 

13 

23 

15 

WE/WEL* 

Input 

WRITE Enable Lower Byte: WEL on MT4C1664 L is 

WE control for the DQ1 through DQ8 inputs. WE on 
MT4C1665 L controls DQ1 through DQ16 inputs. If 
(WEL or WEH)/WE is LOW, the access is a WRITE 
cycle. The DQ outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

12 

22 

14 

NC/WEH* 

Input 

Write Enable Upper Byte: WEH on MT4C1 664 L is WE 
control for the DQ9 through DQ1 6 inputs. If (WEL or 
WEH)/WE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT4C1665 L as it has only 
WORD WRITE access cycles. 

15-19, 

22-24 

25-29, 

34-36 

17-21, 

24-26 

A0-A7 

Input 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 1 6-bit word out 
of the 64K available words. 

2-9, 

32-39 

11,12, 

14-17, 

2, 18, 19, 
3-9 

2-9, 

36-43 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs 
to the addressed DRAM location. BYTE WRITES can 
be performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, DQ1-DQ16 act 
as outputs for the addressed DRAM ocation. All 16 

I/Os are active for READ cycles (there is no BYTE 

READ cycle). 

10,25,26, 
27, 31 

1,20, 31, 
32, 37 

10,27-29, 

35 

NC 

- 

No Connect: These pins should be either left 
unconnected or tied to ground. 

1, 11,20 

13, 21,30 

1, 13, 22 

Vcc 

Supply 

Power Supply: +5V ± 10% 

21,30,40 

10, 33,40 

23, 32, 44 

Vss 

Supply 

Ground 


NOTE: *MT4C1 665 L/MT4C1 664 L 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 16 address- 
bits during READ or WRITE cycles. These are entered 8 bits 
(A0-A7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or W RITE cycles on th e MT4 C 1665 L are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1664 L. The MT4C166 4 L "W E " functi on 
is determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cycle, selecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going L OW, t he output pin(s) remain op en (H igh- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ-WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
byM, WEL and WEH (MT4C1664 L) or WE (MT4C1665 L). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A7) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MOD E op eratio n. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintai ning p ower and executing a ny RA S cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN refresh) so that all 256 combinations of RAS addresses 
(A0-A7) are executed at least every 32ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. 


BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten- 
tion cycle. RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

BYTE WRITE DESCRIPTION (MT4C1664 L ONLY) 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will sele ct a lo wer BYTE 
WRITE cycle (DQ1-DQ8) while enabling WEH will select 
an upper B YTE WRITE (DQ9-DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1664 L may be viewed as two 64K x 8 DRAMs 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1664 L BYTE 
and WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1665 L 
ONLY) 

Every WRITE access cyc le m ay be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE i s sele cted whe n mas k data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT 4C166 5 L is only 
word selectable when WE is LOW at RAS time (the 
MT4C1664 L does not have a MASKED WRITE cycle func- 
tion). 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustr ates t he MT4C 1665 L MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ1 6) 
OF WORD 



X = NOT EFFECTIVE (DON’T CARE) 


Figure 1 

MT4C1664 L WORD AND BYTE WRITE EXAMPLE 
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B TECHNOLOGY, INC. 


MT4C1 664/5 L 
64K x 16 DRAM 


RAS 


CAS 


WE 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 
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Figure 2 
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MICRON 

m TECHNOLOGY. INC. 


MT4C1 664/5 L 
64Kx 16 DRAM 


TRUTH TABLE: MT4C1664 L 


FUNCTION 

BAS' 

CAS 

WEL 

WEH 

OE 

ADDRESSES 

DDs 

NOTES 

*R 

*C 

Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 


WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 


WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 


READ-WRITE 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

H-L 

L 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 , 2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


UAS-BEFORE-HA5 

REFRESH 

H-L 

L 

X 

X 

X 

X 

X 

High-Z 


BATTERY BACKUP 
REFRESH 

H-L 

L 

X 

X 

X 

X 

X 

High-Z 



NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 
2. EARLY-WRITE only. 
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■ WIDE DRAM 


MICRON 

MT4C1 664/5 L 

■ TECHNOLOGY, INC. 

64Kx 16 DRAM 


TRUTH TABLE: MT4C1665 L 


FUNCTION 

ra?t 

CSS" 

wr 

OF 

ADDRESSES 

DQs 

NOTES 

X R 

*c 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 

H—L 

L— H 

ROW 

COL 

Data Out, Data In 

1 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H—L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

1 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CA5-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H— L 

L 

X 

X 

X 

X 

High-Z 



NOTE: 1 . Data-in will be dependent on the mask provided. Refer to Figure 2. 
2. EARLY-WRITE only. 
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MICRON 

I TECHNOLOGY, INC. 


MT4C1 664/5 L 
64Kx 16 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1 mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

>10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

300 

300 

300 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC3 

120 

110 

too 

mA 

3,4,32 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: ‘PC = ‘PC (MIN); 

‘CP, 'ASC = 10ns) 

ICC4 

80 

70 

60 

mA 

3, 4, 32 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: ‘RC = *RC (MIN)) 

ICC5 

120 

110 

100 

mA 

3,32 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

120 

110 

100 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current with CAS = 0.2V or CBR; 

RAS = minimum l RAS to Ips; A0-A7,WE, OE and DQs = Vcc -0.2V 
or 0.2V (DQs may float); { RC = 125jlls 

ICC7 

400 

400 

400 

pA 

3,31 
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■ WIDE DRAM 


MICRON 

M TECHNOLOGY. INC. 


MT4C1 664/5 L 
64Kx 16 DRAM 


CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (0°C < T A < +70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

7 


8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


145 


170 


ns 


READ-WRITE cycle time 

'RWC 

175 


185 


220 


ns 


FAST-PAGE-MODE READ or WRITE 

‘PC 

45 


50 


60 


ns 


cycle time 










FAST-PAGE-MODE READ-WRITE 

l PRWC 

95 


100 


120 


ns 


cycle time 










Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


25 


25 


30 

ns 

15 

Output Enable time 

'OE 


25 


25 


30 

ns 


Access time from column address 

*AA 


40 


45 


50 

ns 


Access time from CAS precharge 

'CPA 


45 


50 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


25 


ns 


RAS precharge time 

*RP 

45 


45 


60 


ns 


CAS pulse width 

'CAS 

25 

100,000 

25 

100,000 

30 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

l CPN 

10 


10 


15 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

l RCD 

20 

45 

20 

50 

25 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 

*RAD 

15 

35 

15 

40 

15 

50 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 

WR 

55 


60 


70 


ns 


(referenced to RAS) 










Column address to 

l RAL 

35 


40 


50 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 

tRCH 

0 


0 


0 


ns 

19, 26 

(referenced to CAS) 










Read command hold time 

'RRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ON 


MT4C1 664/5 L 
64Kx 16 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (0°C < T A < +70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20, 30 

Output disable time 

*OD 


15 


15 


20 

ns 

30 

Write command setup time 

•wcs 

0 


0 


0 


ns 

21,26 

Write command hold time 

'WCH 

15 


15 


15 


ns 

26 

Write command hold time 
(referenced to RAS) 

*WC R 





65 




Write command pulse width 

*WP 



15 


15 


ns 

26 

Write command to RAS lead time 


20 


20 


20 


ns 

26 

Write command to CAS lead time 


20 


20 


20 


ns 

26 

Data-in setup time 


0 


0 


0 


ns 

22 

Data-in hold time 


15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 




55 


65 




RAS to WE delay time 


90 


100 


125 


ns 

21 

Column address 
to WE delay time 




70 


80 



21 

CAS to WE delay time 


50 


55 


70 


ns 

21 

T ransition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (256 cycles) 

'REF 


32 


32 


32 

ms 

28 

RAS to CAS precharge time 

’RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 



10 


10 


m 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'em 



m 




m 

5 

MASKED WRITE command to RAS 
setup time 

'\NRS 

0 


m 


0 


m 


MASKED WRITE command to RAS 

hold time 

{ WRH 



m 




H 


Mask data to RAS setup time 

'MS 

0 


0 


0 


ns 

26 

Mask data to RAS hold time 

>MH 

15 


15 


15 


ns 

26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

l OEH 

10 




20 


ns 

29 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

'ORD 

0 


0 


0 


ns 
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■ WIDE DRAM 


MICRON 

I TECHNOLOGY. INC. 


MT4C1 664/5 L 
64K x 16 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

8. AC characteristics assume = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gates and 
50pF. 

14. Assumes that *RCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that t RCD 
exceeds the value shown. 

15. A ssum es that l RCD > t RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, data out (Q) 
will be maintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 


21. tWCS, l RWD, *AWD and l CWD are restrictive 

operating parameters in LATE-WRITE and READ- 
MODIF Y -WRITE cycles only. If HVCS > hVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > tRWD (MIN), <AWD > *AWD 
(MIN) and l CWD > *CWD (MIN), the cycle is a LATE- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of data out is indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE- 
WRITE or READ-MODIFY- WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY- WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. WRITE command is defined as either WEL or WEH 
or both going LOW on the MT4C1664 L. WRITE 
command is defined as WE going LOW on the 
MT4C1665 L. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
causing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both fc OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after l OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

31. BBU current does not significantly change when t RAS 
is reduced from its maximum specification during 
BBU cycle. 

32. Column address changed once while RAS = Vil and 
CAS = Vih 
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MICRON 

■ TECHNOLOGY. fNC. 


MT4C1 664/5 L 
64Kx 16 DRAM 


READ CYCLE 



EARLY-WRITE CYCLE 



Y/A DON’T CARE 
UNDEFINED 


NOTE: 1 . Applies to MT4C1 665 L only; WEL, WEH and DQ inputs on MT 4C1 664 L are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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■ WIDE DRAM 


MT4C1 664/5 L 
64Kx 16 DRAM 



READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1. Applies to MT4C1665 L only; WEL, WEH and DQ inputs on MT 4C1664 L are "don’t care" at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e "don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 


MT4C1 664/5 L 
REV. 4/92 


2-128 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





MICRON 

m TECHNOLOGY, INC. 


MT4C1 664/5 L 
64Kx 16 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 




FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C1 665 L only; WEL, WEH and DQ inputs on MT 4C1 664 L are “don’t care” at RAS time. WE 
selects between normal WRITE and MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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EKS>-ONLY REFRESH CYCLE 

(AD DR = A0-A7, OE; WEL, WEH or WE = DON’T CARE) 



CSS-BEFORE-'RSS' refresh cycle 

(A0-A7 WEL, WEH or WE, and OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A7 WEL, WEH or WE, and OE = DON’T CARE) 



V7X DON’T CARE 
jjjjjjl UNDEFINED 
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64K x 1 6 DRAM 

STATIC COLUMN MODE 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 225mW active, typical 

• All device pins are fully TTL compatible 

• 256 cycle refresh in 4ms 

• Refresh modes: MS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional STATIC COLUMN MODE access cycle 

• BYTE WRITE access cycle (MT4C1670 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1671 only) 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 

• Write Enable 
Byte or Word 
Word only 

• Mask Enable 
Not Available 
Always Available 

• Packages 

Plastic SOJ (400mil) 
Plastic TSOP (400mil) 
Plastic ZIP (475mil) 


MARKING 

-7 
- 8 
-10 

MT4C1670 

MT4C1671 


MT4C1670 

MT4C1671 


DJ 

TG 

Z 


NOTE: Available in die form Please consult factory for die data sheets. 


GENERAL DESCRIPTION 

The MT4C1670/1 are randomly accessed solid-state 
memories containing 1,048,576 bits organized in a xl6 con- 
figuration. The MT4C1670 has both BYTE and WORD 
WRITE access cycles while the MT4C1671 has only WORD 
WRITE access cycles. 

The MT4C1670 functions in a similar manner to the 
MT4C1671 except that replacing WE with WEL and WEH 
allows for BYTE WRITE access cycles. WEL and WEH 
Functio n in an identical manner to WE: either WEL or 
WEH will generate an internal WE through an AND gate 
[Inverted NOR gate). 

The MT4C1670 "WE" f unction and tim ing are determined 
ay the first BYTE WRITE (WEL or WEH ) to transition LOW 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(Q-6) 


40-Pin Zip 

(0-4) 


Vcc 

E 

1 

40 

] Vss 

NC 1 

DQ1 

[ 

2 

39 

3 DQ16 

DQ10 3 

DQ2 

t 

3 

38 

] DQ15 


DQ3 

C 

4 

37 

] DQ14 

DQ12 5 

DQ4 

[ 

5 

36 

] DQ13 

DQ14 7 

DQ5 

[ 

6 

35 

] DQ12 


DQ6 

c 

7 

34 

] DQ1 1 

DQ16 9 

DQ7 

[ 

8 

33 

3 DQ10 

DQ111 

DQ8 

c 

9 

32 

3 DQ9 


NC 

I 

10 

31 

] NC 

Vcc 13 

Vcc 

c 

11 

30 

3 Vss 

DQ4.15 

*NC/WEH 

[ 

12 

29 

] CAS 


*WE/WEL 

C 

13 

28 

] OE 

DQ617 

RAS 

[ 

14 

27 

3 NC 

DQ819 

A0 

C 

15 

26 

3 NC 


A1 

E 

16 

25 

3 NC 

Vcc 21 

A2 

c 

17 

24 

3 A7 

*WE/WEL 23 

A3 

c 

18 

23 

3 A6 


A4 

c 

19 

22 

3 A5 

A0 25 

Vcc 

E 

20 

21 

3 Vss 

A2 27 


40-Pin TSOP 

(R-5) 


Vce cr 1 
DQ1 tx 2 
DQ2 cr 3 
DQ3 cr 4 
DQ4 (X 5 
DQ5 cr 6 
DQ6 cr 7 
DQ7 exj l 
DQ8 
NC cd 10 


Vcc cd 13 


*NC/WEH 
*WE/WEL crl 15 
RAS cd 16 
A0 crj 17 
A1 

A2 cr) 19 
A3 cr 20 
A4 cr 21 
Vcc cr 22 


14 


18 


44 xi Vss 
43 xi DQ16 
42 Xl DQ15 
41 X) D Q14 
40 XI DQ13 
39 XI DQ12 
38 Xl DQ11 
37 Xl DQ10 
36 Xl DQ9 
35 Xl NC 


32 XJ Vss. 
31 Xl CAS 
30 XI OE 
29 Xl NC 
28 Xl NC 
27 Xl NC 
26 Xl A7 
25 Xl A6 
24 Xl A5 
23 XI Vss 


A4 29 
NC 31 
Vss 33 
A6 35 
NC 37 
CAS 39 


2 DQ9 
4 DQ11 
6 DQ13 
8 DQ15 
10 Vss 
12 DQ2 
14DQ3 
16DQ5 
18DQ7 
20 NC 

22 *NC/WEH 
24 RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 0E 
40 Vss 


*MT4C1671/MT4C1670 


and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle: WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) or 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

TheMT4C1671hasNONPERSISTENT MASKED WRITE 
capability. 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

TS0P PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

24 

16 

RAS 

Input 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DQ 
inputs for the MASKED WRITE function. 

29 

39 

31 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. 

28 

38 

30 

OE 

Input 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. RAS and 

CAS must be LOW and WEL and WEH must be HIGH 
before OE will control the output buffers. Otherwise the 
output buffers are in a High-Z state. 

13 

23 

15 

WE/WEL* 

Input 

Write Enable Lower Byte: WEL on MT4C1670 is 

WE control for the DQ1 through DQ8 inputs. WE on 
MT4C1671 controls DQ1 through DQ1 6 inputs. If 
(WEL or WEH)/WE is LOW, the access is a WRITE 
cycle. The DQ outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

12 

22 

14 

NC/WEH* 

Input 

Write Enable Upper Byte: WEH on MT4C1670 is WE 
control for the DQ9 through DQ16 inputs. If (WEL or 
WEH)/WE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT4C1 671 as it has only 
WORD WRITE access cycles. 

15-19, 

22-24 

25-29, 

34-36 

17-21, 

24-26 

A0-A7 

Input 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 1 6-bit word out 
of the 64K available words. 

2-9, 

32-39 

11,12, 

14-17, 

2, 18, 19, 
3-9 

2-9, 

36-43 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1 -DQ1 6 act as inputs 
to the addressed DRAM location. BYTE WRITES can 
be performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, DQ1-DQ16 act 
as outputs for the addressed DRAM ocation. All 16 

I/Os are active for READ cycles (there is no BYTE 

READ cycle). 

10, 25, 26, 
27, 31 

1,20, 31, 
32, 37 

10, 27-29, 
35 

NC 

- 

No Connect: These pins should be either left 
unconnected or tied to ground. 

1,11, 20 

13, 21, 30 

1, 13,22 

Vcc 

Supply 

Power Supply: +5V ± 1 0% 

21,30,40 

10, 33, 40 

23, 32, 44 

Vss 

Supply 

Ground 


NOTE: 'MT4C1671/MT4C1670 
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FUNCTIONAL DESCRIPTION 



Each bit is uniquely addressed through the 16 address- 
bits during READ or WRITE cycles. These are entered 8 bits 
(AQ-A 7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or W RITE cycles on t he MT 4C1671 are selected 
with the WE input while either WEL or WEH perform the 
"WE" on the MT4C1670. The MT4C167 0 "WE " f unction is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW an d the last one to transition back HIGH. 

A logi c HIG H on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a WRITE 
cy cle, se lecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common 1/ O, and pin direction is controlled 
by OE , WEL and WEH (MT4C1670) or WE (MT4C1671). 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A7) defined page boundary. The STATIC 
COLUMN cy cle is always initiated with a row address 
strob ed-in by RA S followed by a column address strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cy cles. F as ter S TATIC COLUMN WRITE cycles 
must have CAS or WE toggled strobing-in the different 
column addresses. Returning RAS HIGH terminates the 
STATIC CO LUMN operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The c hip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN refresh) so that all 256 combinations of RAS addresses 
(A0-A7) are executed at least every 4ms, regardless of 


sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. 

BYTE WRITE ACCESS CYCLE (MT4C1670 ONLY) 

The BY TE WR ITE mod e is d etermined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQ1-DQ8) while Enabling WEH will select 
an upper B YTE WRITE (DQ9-DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1670 may be viewed as two 64K x 8 DRAMS, 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1670 BYTE and 
WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1671 ONLY) 

Every WRITE access cyc le m ay be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when mask data is supplied on the DQ 
pins and WE is LOW at RAS time. The MT4C1671 is only 
word selectable when WE is LOW at RAS time (the 
MT4C1670 does not have a MASKED WRITE cycle func- 
tion). 

Th e data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input p ort an d allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 ill ustrate s theM T4C1671 MASKED WRITE op- 
eration (Note : RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 


MT4C1 670/1 
REV. 4/92 


2-136 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 




MICRON 

I TECHNOLOGY. INC. 


MT4C1 670/1 
64Kx 16 DRAM 





LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 




X = NOT EFFECTIVE (DON’T CARE) 


Figure 1 

MT4C1670 WORD AND BYTE WRITE EXAMPLE 
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LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 




X = NOT EFFECTIVE (DON’T CARE) 


WA DON’T CARE 


Figure 2 

MT4C1671 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1670 


FUNCTION 

RAS 

CM 

WET 

WEH 

W 

ADDRESSES 

DQs 

NOTES 

*R 

*C 

Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 


WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Data In 

Upper Byte, High-Z 


WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 

Upper Byte, Data In 


READ-WRITE 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

STATIC COLUMN 

READ 

1st Cycle 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

L 

H 

H 

L 

n/a 

COL 

Data Out 


STATIC COLUMN 

EARLY-WRITE 

1st Cycle 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

L 

L 

L 

X 

n/a 

COL 

Data In 

1,3 

STATIC COLUMN 

READ-WRITE 

1 st Cycle 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

X 

X 

X 

X 

X 

High-Z 




NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Either CAS or WEL / WEH must latch in each additional column address and input data. 
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TRUTH TABLE: MT4C1671 


FUNCTION 

RAS 

ZM 

WE 

or 

ADDRESSES 

DQs 

NOTES 

*R 

'c 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 

H-L 

L— H 

ROW 

COL 

Data Out, Data In 

1 

STATIC COLUMN 

READ 

1 st Cycle 

L 

L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

L 

H 

L 

n/a 

COL 

Data Out 


STATIC COLUMN 

EARLY-WRITE 

1 st Cycle 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

z L 

L 

L 

X 

n/a 

COL 

Data In 

1,3 

STATIC COLUMN 

READ-WRITE 

1 st Cycle / 

L 

L 

H-L 

L— H 

ROW 

COL 

Data Out, Data In 

1 

2nd Cycle 

L 

L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

z 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-EAS 

REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 



NOTE: 1 . Data-in will be dependent on the mask provided. Refer to Figure 2. 

2. EARLY-WRIT E only . 

3. Either CAS or WEL / WEH must latch in each additional column address and input data. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -1.0V to +7.0V 

Operating Temperature, T A (Ambient) CPC to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is notimplied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

h 

-2 

2 

t*A 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout == 2.1 mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X RC (MIN)) 

ICC3 

120 

115 

90 

mA 

3, 4, 31 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: X SC = X SC (MIN)) 

ICC4 

110 

95 

80 

mA 

3, 4, 31 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = *RC (MIN)) 

ICC5 

120 

115 

90 

■ .j 

mA 

3, 31 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

120 

115 

90 

^ 1 

mA 

3,5 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS,(WEL, WEH)/WE, OE 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (0°C < T A < +70°C; Vcc = 5V ± 1 0%) 


AC CHARACTERISTICS 


- 

7 

- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

t RWC 

175 


185 


220 


ns 


STATIC-COLUMN READ or WRITE 

•sc 

45 


50 


55 


ns 


cycle time 










STATIC-COLUMN READ-WRITE 

'SRWC 

95 


100 


120 


ns 


cycle time 










Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


25 


35 


40 

ns 

15 

Output Enable time 

x OE 


25 


35 


40 

ns 


Access time from column address 

*AA 


40 


45 


55 

ns 


Access time from CAS precharge 

X CPA 


45 


50 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

tRASC 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


35 


40 


ns 


RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

25 

100,000 

35 

100,000 

40 

100,000 

ns 


CAS hold time 

^SH 

70 


80 


100 


ns 


CAS precharge time 

*CPN 

10 


10 


15 


ns 

16 

CAS" precharge time (STATIC COLUMN) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

tRCD 

20 

45 

20 

45 

25 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


12 


15 


ns 


RAS to column 

l RAD 

15 

35 

17 

40 

20 

55 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 

X AR 

55 


60 


70 


ns 


(referenced to RAS) 










Column address to 

X RAL 

35 


45 


55 


ns 


RAS lead time 










Read command setup time 

t RCS 

0 


0 


0 


ns 

26 

Read command hold time 

'RCH 

0 


o 


o 


ns 

19, 26 

(referenced to CAS) 






. . . .. . 




Read command hold time 

l RRH 

0 


10 


10 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

l CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

x OPF 

0 

20 

0 

20 

0 

20 

ns 

20, 30 
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|^IG=RON 


MT4C1 670/1 
64Kx 16 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7,8, 9, 10, 11, 12, 13, 23) (0°C < T A < +70°C; Vcc = 5V± 10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output disable time 

'OD 


15 


20 


20 

ns 

30 

Write command setup time 

•wcs 

0 


0 


0 


ns 

21,26 

Write command hold time 

*WCH 

15 


15 


20 


ns 

26 

Write command hold time 
(referenced to RAS) 

‘WCR 

50 


55 


70 


ns 

26 

Write command pulse width 

l WP 

15 


15 


20 


ns 

26 

Write command to RAS lead time 

‘RWL 

20 


35 


40 


ns 

26 

Write command to CAS lead time 

<CWL 

20 


35 


40 


ns 

26 

Data-in setup time 

‘DS 

0 


0 


0 


ns 

22 

Data-in hold time 

*DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

! dhr 

50 


60 


70 


ns 


RAS to WE delay time 

‘RWD 

90 


100 


125 


ns 

21 

Column address 
to WE delay time 

*AWD 

65 


70 


80 


ns 

21 

CAS to WE delay time 

*cwd 

50 


55 


70 


ns 

21 

T ransition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (256 cycles) 

*REF 


4 


4 


4 

ms 

28 

RAS to CAS precharge time 

•RPC 

0 


10 


10 


ns 


CAS setup time 
(TOS-BEFORE-TOE refresh) 

‘CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(TOE-BEFORE-TOE refresh) 

'CHR 

15 


25 


30 


ns 

5 

MASKED WRITE command to TOE 
setup time 

*WRS 

0 


0 


0 


ns 

26, 27 

MASKED WRITE command to TOE 
hold time 

*WRH 

15 


\ 15 


15 


ns 

26, 27 

Mask data to RAS setup time 

‘MS 

0 


0 


0 


ns 

26 

Mask data to RAS hold time 

‘MH 

15 


15 


15 


ns 

26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

‘OEH 

10 


20 


20 


ns 

29 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

>ORD 

0 


0 


0 


ns 


Last WRITE to column address 
delay 

‘LWAD 

20 

30 

20 

35 

25 

45 

ns 


Access time from last WRITE 

>ALW 

65 


75 


95 


ns 


Output data enable from WRITE 

HSSfll 

l AA 


‘AA 


*AA 




Output data hold time from 
column address 

■gH 





5 


ns 


RAS hold time referenced to OE 


10 


10 


10 




Column address hold time 
referenced to RAS HIGH 

l AH 

5 


5 


10 


ns 


CAS pulse width in 
STATIC-COLUMN mode 

‘CSC 

‘CAS 


‘CAS 


*CAS 


ns 


Write command inactive time 

*WI 

10 


10 


10 


ns 
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■ WIDE DRAM 



= 1 - 1 * 


MT4C1 670/1 
64K x 16 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil ( MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gates and 
50pF. 

14. Assumes that *RCD < *RCD ( MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD ( MAX). 

16. If CAS is LOW at the falling edge of RAS, data out (Q) 
will be maintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD ( MAX) limit ensures that 
*RAC ( MAX) can be met. *RCD ( MAX) is specified as 
a reference point only; if l RCD is greater than the 
specified tRCD ( MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD ( MAX) limit ensures that 
tRCD ( MAX) can be met. tRAD ( MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD ( MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 


20. tOFF ( MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. tWCS, tRWD, tAWD and *CWD are restrictive 

operating parameters in LATE- WRITE and READ- 
MODIF Y -WRITE cycles only. If tWCS > tWCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > tRWD (MIN), *AWD > *AWD 
(MIN) and *CWD > tCWD (MIN), the cycle is a LATE- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the st ate o f data out are indetermi- 
nate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE-WRITE (OE controlled) 
cycle. 

22. These parameters are refer ence d to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE- 
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH m ay al so be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. WRITE command is defined as either WEL /dr WEH 
or both going LOW on the M T4C1670. WRITE 
command is defined as WE going LOW on the 
MT4C1671. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. The refresh period may be extended to 8ms without 
experiencing problems. 

29. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both t OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after ’OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQ s open during READ cycles once *OD or kDFF 

occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). _ 

31. Column address changed once while RAS = Vil and 
CAS = Vih. 
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MICRON 

■ TECHNOLOGY. INC. 


MT4C1 670/1 
64Kx 16 DRAM 


READ CYCLE 



EARLY-WRITE CYCLE 



W) DON’T CARE 
0 UNDEFINED 


NOTE: 1 . Applies to MT4C1 671 only; WEL, WEH and DQ inputs on MT 4C16 7Q are “don’t care” at RAS time. 

WE selects between normal WRIT E and MASKED WRITE at RAS time. The DQ input s are “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MICRON 

■ TECHNOLOGY, INC. 


MT4C1 670/1 
64K x 16 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



STATIC-COLUMN READ CYCLE 



YJA DON’T CARE 
^ UNDEFINED 


NOTE: 1 . Applies to MT4C1 671 only; WEL, WEH and DQ inputs on MT 4C16 70 are “don’t care” at RAS time. 

WE selects between normal WRIT E and MASKED WRITE at RAS time. The DQ input s are “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MICRON 

H TECHNOLOGY. INC. 


MT4C1 670/1 
64Kx 16 DRAM 


STATIC-COLUMN EARLY-WRITE CYCLE 

(WE CONTROLLED) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS CONTROLLED) 



Wk DON’T CARE 
M UNDEFINED 


NOTE: 1 . Applies to MT4C1 671 only; WEL, WEH and DQ inputs on MT 4C16 70 are “don’t care” at RAS time. 

WE selects between normal WRIT E and MASKED WRITE at RAS time. The DQ input s are “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 


MT4C1 670/1 
REV. 4/92 


2-147 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


■ WIDE DRAM 





WIDE DRAM 


|U|IC=RON 


MT4C1 670/1 
64K x 16 DRAM 



STATIC COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



[jjjjjj UNDEFINED 


NOTE: 1 . Applies to MT4C1 671 only; WEL, WEH and DQ inputs o n MT4 C1 670 are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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MICRON 

■ TECHNOLOGY, INC. 


MT4C1 670/1 
64Kx 16 DRAM 


RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A7, OE; WEL, WEH or WE = DON’T CARE) 



CAS-BEFORE-MAS REFRESH CYCLE 

(A0-A7; WEL, WEH or WE, and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

( WEL, WEH or WE = HIGH; OE = LOW) 


(READ) (REFRESH) 



Y7A DON’T CARE 
lijijfl UNDEFINED 
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ON 


MT4C1 670/1 
64Kx 16 DRAM 
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MICRON 

I TECHNOLOGY, INC. 


MT4C1 670/1 L 
64K x 16 DRAM 


DRAM 64K x 1 6 DRAM 

STATIC COLUMN MODE, LOW 
POWER, EXTENDED REFRESH 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
(CBR), HIDDEN and BATTERY BACKUP (BBU) 

• Optional STATIC COLUMN MODE access cycle 

• BYTE WRITE access cycle (MT4C1670 L only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1671 L only) 

• 256 cycle extended refresh distributed across 32ms 

• Low power, lmW standby; 225mW active, typical 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

- 8 

100ns access 

-10 

• Write Enable 

Byte or Word 

MT4C1670 L 

Word only 

MT4C1671 L 

• Mask Enable 

Not Available 

MT4C1670 L 

Always Available 

MT4C1671 L 

• Packages 

Plastic SOJ (400 mil) 

DJ 

Plastic TSOP (400 mil) 

TG 

Plastic ZIP (475 mil) 

Z 


NOTE: Available in die form Please consult factory for die data sheets. 

• Part Number Example: MT4C1670DJ-7 L 

GENERAL DESCRIPTION 

The MT4C1670/1 L are randomly accessed solid-state 
nemories containing 1,048,576 bits organized in a xl6 con- 
iguration. The MT4C1670 L has both BYTE and WORD 
YRITE access cycles while the MT4C1671 L has only WORD 
YRITE access cycles. 

The MT4C1670 L functions in a similar manner to the 
4T4C1671 L except that replacing WE with WEL and 
YEH allows for BYTE WRITE access cycles. WEL and 
YEH function in an identical manner to WE: either WEL or 
YEH will generate an internal WE through an AND gate 
Inverted NOR gate). 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(Q-6) 


40-Pin Zip 

(0-4) 


Vcc 

DQ1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

NC 

Vcc 

*NC/WEH 

*WE/WEL 

RAS 

AO 

A1 

A2 

A3 

A4 

Vcc 


d 1 40 1 

] 

Vss 

c 

2 

39 

] 

DQ16 

c 

3 

38 

] 

DQ15 

[ 

4 

37 

3 

DQ14 

[ 

5 

36 

] 

DQ13 

[ 

6 

35 

] 

DQ12 

[ 

7 

34 

3 

DQ11 

[ 

8 

33 

3 

DQ10 

[ 

9 

32 

3 

DQ9 

[ 

10 

31 

3 

NC 

[ 

11 

30 

3 

Vss 

[ 

12 

29 

3 

CAS 

c 

13 

28 

3 

OE 

c 

14 

27 

3 

NC 

[ 

15 

26 

3 

NC 

c 

16 

25 

3 

NC 

c 

17 

24 

3 

A7 

[ 

18 

23 

3 

A6 

c 

19 

22 

3 

A5 

[ 

20 

21 

3 

Vss 


40-Pin TSOP 

(R-5) 


vcc crj i 
DQ1 

DQ2 cxj J 
DQ3 l 
DQ4 i 
DQ5 Cd 6 
DQ6 CE / 
DQ7 CE i 
DQ8 CE 9 
NC a. 10 


Vcc IX 13 
*NC/WEH CE 14 
•WE/WEL cr 15 
RAS CE 16 
A0 CE 17 
A1 CE 18 
A2 CE 19 
A3 CE 20 
A4 CE 21 
Vcc CE 22 


X DQ16 
i] DQ15 
X] DQ14 

XI DQ13 

X DQ12 

XI DQ11 
XI DQ10 
X DQ9 
13 NC 


x Vss 
XI CAS 
Xl OE 
X NC 
X NC 
X NC 
X A7 

xi A6 
X A5 
X Vss 


NC 1 
DQ10 3 
DQ12 5 
DQ14 7 
DQ16 9 
DQ1 11 
Vcc 13 
DQ415 
DQ617 
DQ819 
Vcc 21 
*We/WEE 23 
AO 25 
A2 27 
A4 29 
NC31 
Vss 33 
A6 35 
NC 37 
CAS 39 


2 DQ9 
4 DQ11 
6 DQ13 
8 DQ15 
10 Vss 
12DQ2 
14DQ3 
16DQ5 
18D07 
20 NC 

22 *NC/WEH 
24 RAS 
26 A1 
28 A3 
30 Vcc 
32 NC 
34 A5 
36 A7 
38 0E 
40 Vss 


*MT4C1671 L/MT4C1670 L 


The MT4C1670 L "WE" fun ction a n d timin g are deter- 
mined by the first BYTE WRITE (WEL or WEH ) to transition 
LOW and the last to transition back HI GH. Us e of only one 
of the two results in a BYTE WRITE cycle: WEL transitioning 
L OW sele cts a WRITE cycle for the lower byte (DQ1-DQ8) 
or WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C1671 L has NONPERSISTENT MASKED 
WRITE capability. 
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MICRON 

■ TECHNOLOGY, INC. 


MT4C1 670/1 L 
64Kx 16 DRAM 


PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

TS0P PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

24 

16 

RAS 

Input 

ROW Address Strobe: RAS is used to clock-in the 8 
row address bits and strobe the WEL, WEH and DQ 
inputs for the MASKED WRITE function. 

29 

. 

39 

31 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 
column address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. 

28 

38 

30 

OE 

Input 

Output Enable: OE enables the output buffers when 
taken LOW during a READ access cycle. RAS and 

CAS must be LOW and WEL and WEH must be HIGH 
before OE will control the output buffers. Otherwise the 
output buffers are in a High-Z state. 

13 

23 

15 

WE/WEL* 

Input 

Write Enable Lower Byte: WEL on MT4C1670 L is 

WE control for the DQ1 through DQ8 inputs. WE on 
MT4C1671 L controls DQ1 through DQ16 inputs. If 
(WEL or WEH)/WE is LOW, the access is a WRITE 
cycle. The DQ outputs for the byte not being written 
will remain in a High-Z state (byte WRITE cycle only). 

12 

22 

14 

NC/WEH* 

Input 

Write Enable Upper Byte: WEH on MT4C1670 L is WE 
control for the DQ9 through DQ1 6 inputs. If (WEL or 
WEH)/WE is LOW, the access is a WRITE cycle. This 
pin is a no connect on the MT4C1671 L as it has only 
WORD WRITE access cycles. 

15-19, 

22-24 

25-29, 

34-36 

17-21, 

24-26 

A0-A7 

Input 

Address Inputs: These inputs are multiplexed and 
clocked by RAS and CAS to select one 16-bit word out 
of the 64K available words. 

2-9, 

32-39, 

11,12, 

14-17, 

2, 18, 19, 
3-9 

2-9, 

36-43 

I,. . 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs 
to the addressed DRAM location. BYTE WRITES can 
be performed by using WEL or WEH to select the byte 
to be written. For READ access cycles, DQ1-DQ16 act 
as outputs for the addressed DRAM ocation. All 16 

I/Os are active for READ cycles (there is no BYTE 

READ cycle). 

10, 25, 26, 
27,31 

1,20,31, 
32, 37 

13,27-29, 

35 

NC 

I 

No Connect: These pins should be either left 
unconnected or tied to ground. 

1, 11,20 

13, 21,30 

1, 13, 22 

Vcc 

Supply 

Power Supply: +5V ± 10% 

21 , 30, 40 

10,33,40 

23, 32, 44 

Vss 

Supply 

Ground 


NOTE: *MT4C1671 L/MT4C1670L 
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NEW ■ WIDE DRAM 


MT4C1 670/1 L 
64Kx 16 DRAM 



FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 16 address- 
bits during READ or WR ITE cycles. These are entered 8 bits 
(A0-A 7) at a time. RAS is used to latch the first 8 bits and 
CAS the latter 8 bits. 

READ or W RITE cycles on th e MT4 C1671 L are selected 
with the WE input while either WEL or WE H pe rform the 
"WE" on the MT4C1670 L. The MT4C167 0 L "W E " functi on 
is determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW an d the last one to transition back HIGH. 

A logi c HIG H on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by th e fall ing edge of WE or CAS, 
whichever occurs last. Taking WE LO W will initiate a WRITE 
cy cle, se lecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going L OW, t he output pin(s) remain open (High- 
Z) until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data out (Q) is 
acti vated and retains the selected cell data as long as C AS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH (MT4C1670 L) or WE (MT4C1671 L). 

STATIC COLUMN operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A 7) defined page boundary . The STATIC 
COLUMN c ycle is always initiated with a row address 
strob ed-in by RA S followed by a column address strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column addresses, thus executing faster 
memory cy cles. F as ter S TATIC COLUMN WRITE cycles 
must have CAS or WE toggl ed str obing-in the different 
column addresses. Returning RAS HIGH terminates the 
STATIC CO LUMN op eration . 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The c hip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintai ning p ower and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN refresh) so that all 256 combinations of RAS addresses 
(A0-A7) are e xecute d at least every 32ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for row address 
control. 


BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten- 
tion cycle. RAS must be clocked by an external source 
during the BBU MODE or "SLEEP MODE". 

BYTE WRITE ACCESS CYCLE (MT4C1670 L ONLY) 

The BY TE WR ITE mod e is d etermined by the use of 
WEL and WEH. Enabling WEL will select a lower BYTE 
WRITE cycle (DQ1-DQ8) while Enabling WEH will select 
an upper B YTE WRITE (DQ9-DQ16). Enabling both WEL 
and WEH selects a WORD WRITE cycle. 

The MT4C1670 L may be viewed as two 64K x 8 DRAMS, 
which have common input controls, with the exception of 
the WE input. Figure 1 illustrates the MT4C1670 L BYTE 
and WORD WRITE cycles. 

MASKED WRITE DESCRIPTION (MT4C1671 L 
ONLY) 

Every WRITE access cyc le m ay be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE i s sele cted when mask data is supplied on the DQ 
pins and WE is LOW at RAS t ime. The MT4C1671 L is only 
word selectable when WE is LOW at RAS time (the 
MT4C1670 L does not have a MASKED WRITE cycle func- 
tion). 

Th e data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data register 
and will then act as an individual write enable for each of 
the corresponding DQ inputs. If a LOW (logic "0") is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated, even if the previous cycle's mask 
was the same mask. 

Figure 2 illustr ates t he MT4C1671 L MASKED WRITE 
operat ion (N o te: RA S or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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Figure 1 

MT4C1670 L WORD AND BYTE WRITE EXAMPLE 
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Figure 2 

MT4C1671 L MASKED WRITE EXAMPLE 


MT4C1 670/1 L 
REV. 4/92 


2-156 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 



TRUTH TABLE: MT4C1670 L 

FUNCTION RAIT 

Standby H 

READ L 

WRITE: WORD L 

(EARLY-WRITE) 

WRITE: LOWER L 

BYTE (EARLY) 

WRITE: UPPER L 

BYTE (EARLY) 

READ-WRITE ~ L 

STATIC COLUMN 1 1st Cycle" L 

READ 2nd Cycle 

STATIC COLUMN 1st Cycle 
EARLY-WRITE 2nd Cycle 


STATIC COLUMN 1 1 st Cycle 
READ-WRITE 


inn 


ADDRESSES 


ROW 

COL 

Data Out 

ROW 

COL 

Data In 

ROW 

COL 

: 

Lower Byte, Data In 
Upper Byte, High-Z 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 


L-H ROW COL Data Out. Data In 


ROW COL Data Out 


COL Data Out 


COL Data Out, Data In 


COL Data Out, Data In 


ROW COL Data Oi 
ROW COL Data In 
ROW n/a Hiah-Z 
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TRUTH TABLE: MT4C1671 L 


FUNCTION 

RAS 

oast 

WF 

w 

ADDRESSES 

DOs 

NOTES 

*R 

*c 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

READ-WRITE 

L 

L 

H-L 

L— H 

ROW 

COL 

Data Out, Data In 

1 

STATIC COLUMN 

READ 

1st Cycle 

L 

L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

L 

H 

L 

n/a 

COL 

Data Out 


STATIC COLUMN 

EARLY-WRITE 

1 st Cycle 

L 

L 

L 

X 

ROW 

COL 

Data In 

1 

2nd Cycle 

L 

L 

L 

X 



Data In 


STATIC COLUMN 

READ-WRITE 

1 st Cycle 

L 

L 







2nd Cycle 

L 

L 



n/a 

COL 

Data Out, Data In 

1 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 


L 


jggi 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,2 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


cas-before-Ras 

REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 


BATTERY BACKUP 

REFRESH 

H_>L 

L 

x 

X 

X 

X 

High-Z 



NOTE: 1 . Data-in will be dependent on the mask provided. Refer to Figure 2. 

2. EARLY-WRIT E only . 

3. Either CAS or WEL / WEH must latch in each additional column address and input data. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -1.0V to +7.0V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ;.,-55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C <T A < 70°C; Vcc = 5V ± 1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1 mA) 

VOH 

2.4 


, v 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

300 

300 

300 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = *RC (MIN)) 

ICC3 

120 

115 

90 

mA 

3, 4, 31 

OPERATING CURRENT: STATIC COLUMN 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: 'SC = 'SC (MIN)) 

ICC4 

110 

95 

80 

mA 

3, 4, 31 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

120 

115 

90 

mA 

3,31 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = 'RC (MIN)) 

ICC6 

120 

115 

90 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS 0.2V or CAS-BEFORE-RAS cycling; RAS = 'RAS (MIN) to 

1 ,000ns; WE, A0-A9 and Din = Vcc - 0.2V or 0.2V (Din may be left 
open), 'RC = 1 25ps (1 ,024 rows at 1 25ps - 1 28ms) 

ICC7 

400 

400 

400 

pA 

3, 5, 28 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A7 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS,(WEL, WEH)/ WE, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 13, 23) (0°C < T A < +70°C; Vcc = 5V ± 1 0%) 


AC CHARACTERISTICS 


- 

7 

- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

'RWC 

175 


185 


220 


ns 


STATIC-COLUMN READ or WRITE 

'SC 

45 


50 


55 


ns 


cycle time 










STATIC-COLUMN READ-WRITE 

tSRWC 

95 


100 


120 


ns 


cycle time 










Access time from RAS 

tRAC 


70 


80 


100 

ns 

14 

Access time from CAS 

' CAC 


25 


35 


40 

ns 

15 

Output Enable time 

'OE 


25 


35 


40 

ns 


Access time from column address 

'AA 


40 


45 


55 

ns 


Access time from CAS precharge 

l CPA 


45 


50 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (STATIC COLUMN) 

'RASC 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

<RSH 

20 


35 


40 


ns 


RAS precharge time 

'RP 

50 


60 


70 


ns 


CAS pulse width 

•CAS 

25 

100,000 

35 

100,000 

40 

100,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

•CPN 

10 


10 


15 


ns 

16 

CAS precharge time (STATIC COLUMN) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

20 

45 

20 

45 

25 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


12 


15 


ns 


RAS to column 

'RAD 

15 

35 

17 

40 

20 



18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


20 


ns 


Column address hold time 

l AR 

55 


60 


70 


ns 


(referenced to RAS) 










Column address to 

'RAL 

35 


45 


55 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 

26 

Read command hold time 

'RCH 

0 


0 


0 




(referenced to CAS) 










Read command hold time 

tRRH 

0 


10 


10 


ns 


(referenced to RAS) 










CAS to output in Low-Z 

'CLZ 

0 


o 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20,30 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13, 23) (0°C < T A < +70°C; Vcc = 5V ± 1 0%) 


AC CHARACTERISTICS 



-8 

-10 



PARAMETER 







MW 



Output Disable time 

HCsSMI 




20 





Write command setup time 


0 


0 


0 


ns 

BEI 

Write command hold time 


15 


15 


20 


ns 

26 

Write command hold time 
(referenced to RAS) 




60 


70 




Write command pulse width 

KS3K 

15 


15 


20 




Write command to RAS lead time 

*RWL 

20 


35 


40 



26 

Write command to CAS lead time 

*CWL 

20 


35 


40 


ns 

26 

Data-in setup time 

*DS 

0 


0 


0 


HCSHI 

22 

Data-in hold time 

'DH 

15 


15 


20 


EH 

22 

Data-in hold time 
(referenced to RAS) 




60 


70 




RAS to WE delay time 

BEIS3I 

90 


100 


125 



21 

Column address 
to WE delay time 

l AWD 

65 






ns 

mm 

CAS to WE delay time 

*CWD 

50 


55 


70 


ns 

21 

Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (256 cycles) 

*REF 


32 


32 


K9I 

ms 

28 

RAS to CAS precharge time 

tope 

0 


10 


10 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 




10 


H 

5 

CAS hold time 

(CA5-BEFORE-RAS refresh) 

*CHR 

15 


■ 


30 


0 

01 

MASKED WRITE command to RAS 
setup time 

*WRS 

0 




0 




MASKED WRITE command to RAS 

hold time 

l WRH 

15 


■a 


15 




Mask data to RAS setup time 

'MS 

0 




0 



26 

Mask data to RAS hold time 

*MH 

15 


15 


15 


■SSH 

26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OEH 

10 


20 


20 


ns 

29 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

x ORD 

0 


0 


0 


ns 


Last WRITE to column address 
delay 

*LWAD 

20 

30 

20 

35 

25 

45 

ns 


Access time from last WRITE 

X AL\N 

65 


75 


95 


ns 


Output data enable from WRITE 

x O\N 

'AA 


X AA 


*AA 


ns 


Output data hold time from 
column address 

x AOH 

5 


5 


5 


ns 


RAS hold time referenced to OE 

l ROH 

10 


10 


10 


ns 


Column address hold time 
referenced to RAS HIGH 

l AH 

5 


5 


10 


ns 


CAS pulse width in 

STATIC-COLUMN mode 

'CSC 

'CAS 


'CAS 


'CAS 


ns 


Write command inactive time 

•wi 

10 


10 


10 


ns 
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MT4C1 670/1 L 
64Kx 16 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 4ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil ( MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gates and 
50pF. 

14. Assumes that *RCD < *RCD ( MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD ( MAX). 

16. If CAS is LOW at the falling edge of RAS, data out (Q) 
will be maintained from the previous cycle. To initiate 
a new cycle and clear the Q buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the *RCD ( MAX) limit ensures that 
*RAC ( MAX) can be met. *RCD ( MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD ( MAX) limit, then access time is 
controlled exclusively by l CAC. 

18. Operation within the *RAD ( MAX) limit ensures that 
*RCD ( MAX) can be met. *RAD ( MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified *RAD ( MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 


20. t OFF ( MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. HVCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIF Y -WRITE cycles only. If h/VCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > l CWD (MIN), the cycle is a LATE- 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the stat e of d ata out are inde ter- 
minate. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE- WRITE (OE controlled) 
cycle. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and WE leading edge in LATE- 
WRITE or READ-MODIFY-WRITE cycles. 

23. If OE is tied permanently LOW, LATE- WRITE or 
READ-MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH m ay al so be performed after a 
WRITE cycle. In this case WE = LOW and OE=HIGH. 

25. All other inputs at Vcc -0.2V. 

26. WRITE command is defined as either WEL or WEH 
or both going LOW on the M T4C1670 L. WRITE 
command is defined as WE going LOW on the 
MT4C1671 L. 

27. Must be held LOW to ensure MASKED WRITE is 
enabled and must be held HIGH to ensure MASKED 
WRITE is disabled. 

28. BBU current is reduced as *RAS is reduced from its 
maximum specification during the BBU cycle. 

29. LATE- WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

30. The DQ s open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH fir st, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

31. Colum n address changed once while RAS = Vil and 
CAS = Vih. 
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READ CYCLE 



W) DON’T CARE 
0 UNDEFINED 


NOTE: 1 . Applies to MT4C1 671 L only; WEL, WEH and DQ inputs on MT 4C1 670 L are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



STATIC-COLUMN READ CYCLE 



WA DON’T CARE 
UNDEFINED 


NOTE: 1. Applies to MT4C1671 L only; WEL, WEH and DQ inputs on MT 4C1670 L are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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STATIC-COLUMN EARLY-WRITE CYCLE 

(WE CONTROLLED) 



STATIC-COLUMN EARLY-WRITE CYCLE 

(CAS CONTROLLED) 



V/} DON’T CARE 
E| UNDEFINED 


NOTE: 1 . Applies to MT4C1 671 L only; WEL, WEH and DQ inputs on MT 4C1 670 L are “don’t care” at RAS time. WE 
selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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STATIC-COLUMN READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Applies to MT4C1 671 L only; WEL, WEH and DQ inputs on MT 4C1 670 L are “don’t care” at RAS time. WE 

selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts ar e “don’t care” for a 
normal WRITE, WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a MASKED 
WRITE, WE LOW at RAS time. 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A7.OE; WEL, WEH or WE = DON’T CARE) 



CA5-BEF0RE-BA5 refresh cycle 

(A0-A7 ; WEL, WEH or WE, and OE = DON’T CARE) 



U tRP rl 

*RAS 

l RP 

*RAS 



r 




: / 




l ' N 



^RPC 






i 




1 JP- SR ► 

tGHR 

1 ■■ 

'BPC !CSR . 





% 

i 

\ 
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r 


DQ 


VOL 


OPEN 


BATTERY BACKUP REFRESH CYCLE 

(A0-A7; WEL, WEH or WE,and OE = DON’T CARE) 



l RP 
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*RP 

l RAS 
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CAS v|f / 
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DQ Vql 0PEN 

Y/X DON’T CARE 
W UNDEFINED 
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ADVANCE 



MT4C1 6256/7/8/9 
256Kx 16 DRAM 




256K x 16 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power, 3mW standby; 500mW active, typical 

• All device pins are fully TTL compatible 

• 512 cycle refresh in 8ms (9 rows and 9 columns) 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• BYTE WRITE access cycle 

• BYTE READ access cycle (MT4C16257/9 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C16258/9 only) 


OPTIONS 

• Timing 
70ns access 
80ns access 
100ns access 


MARKING 

- 7 

- 8 
-10 


• Write Cycle Access 
BYTE or WORD via WE 
(non-maskable) 

BYTE or WORD via CAS 
(non-maskable) 

BYTE or WORD via WE 
(maskable) 

BYTE or WORD via CAS 
(maskable) 

• Packages 

Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (475 mil) 


MT4C16256 

MT4C16257 

MT4C16258 

MT4C16259 


DJ 

TG 

Z 


NOTE: Available in die form. Please consult factory for die data sheets. 


GENERAL DESCRIPTION 

The MT4C16256/7/8/9 are randomly accessed solid- 
state memories containing 4,194,304 bits organized in a 
<16 configuration. The MT4C16256 and MT4C16258 have 
Doth BYTE WRITE and WORD WRITE access cycles via two 
write enable pins. The MT4C16257 and MT4C16259 have 
Doth BYTE WRITE and WORD WRITE access cycles via 
wo CAS pins. The MT4C16258 and MT4C16259 are also 
ible to perform WRITE-PER-BIT accesses. 


PIN ASSIGNMENT (Top View) 


40-Pin SOJ 

(Q-6) 


Vcc M 
DQ1 C 2 
■ DQ2 [ 3 
DQ3 C 4 
DQ4 L 5 
Vcc [ 6 
DQ5 [ 7 
DQ6 C 8 
DQ7 [ 9 
DQ8 C It 
__NCC 11 
*WEL/NC C 
*WEH/WE C 
RAS C 
NC C 
A0 C 
A1 [ 

A2 C 
A3 C 
Vcc [ 


40 


□ Vss 

□ DQ16 


12 


38 1 DQ15 
37 ] DQ14 
36 ] DQ13 
35 ] Vss 
34 ] DQ12 
33 ] DQ11 
32 ] DQ10 
31 1 DQ9 

30 ] NC 

29 ] NC/CASL* 
28 ] CAS/CASH* 
27 II OE 
26 ] A8 
25 ] A7 
24 ] A6 
23 ] A5 
22 ] A4 
21 3 Vss 


40-Pin TSOP 

(R-5) 


VccQI 1 
DQId 2 
DQ2EC 3 
DQ3d 4 
DQ4QI 5 
Vccd 6 
DQ5d 7 
DQ6d 8 
DQ7d 9 
DQ8d 


NCd 13 

*WEL/NC d 14 
*WEH/WE d 15 
RASd 16 
NCd 17 
AOd 18 
Aid 
A2d 
A3d 21 
Vccdj 22 


10 


29 


27 


19 


40-Pin ZIP 

(0-4) 


44 XI Vss 
43 XDQ16 
42 XIDQ15 
41 XIDQ14 
40 XIDQ13 
39 XVss 
38 XDQ12 
37 XIDQ11 
36 X3DQ10 
35 XDQ9 


32 XNC 

31 X NC/CASL* 
30 X CAS/CASH* 
XOE 


DQ9 
DQ11 
Vss 
DQ14 
DQ16 
Vcc 11 
DQ2 13 
DQ4 15 
DQ5 17 
DQ7 19 
NC 21 
*WEH/WE 23 
NC 25 
A1 27 
A3 29 
Vss 31 
A5 33 
A7 35 
61 37 
‘NC/CASL 39 


28 d!A8 


XA7 
26 XA6 
25 XA5 
24 XA4 
23 XVss 


2 DQ10 
4 DQ12 
6 DQ13 
8 DQ15 
10 Vss 
12 DQ1 
14 DQ3 
16 Vcc 
18 DQ6 
20 DQ8 
22 WEL/NC* 

24 RAS 
26 A0 
28 A2 
30 Vcc 
32 A4 
34 A6 
36 A8 

38 CAS/CASH* 
40 NC 


*MT4C1 6256/8 / MT4C1 6257/9 


The MT4C16256 a nd M T4C 16257 f unction in the same 
manner except that WEL and WEH on MT4C16256 and 
CASL and CASH on MT4C16257 control the selection of 
byte WRITE access cycles. WEL and WEH fun ction in an 
identical manner to WE in that either WEL or WEH will 
generate an interna l WE. CASL and CASH f u nction in an 
identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 
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MT4C1 6256/7/8/9 
256K x 16 DRAM 


a 

m 


The MT4C16256 "WE" function and timing are deter- 
mined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LO W selec ts a WRITE cycle for the lower byte (DQ1-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-D Q16). 

The MT4C1625 7 "CAS" fun ction and timing are deter- 
mined by the first CAS ( C ASL or C ASH)to transition LOW 
and by the last to transition back HIG H. Use o f only one of 
the two results in a BYTE WRITE cycle. CASL transitioning 


O 

00 

> 


FUNCTIONAL 


LO W select s a WRITE cycle for the lower byte (DQ1-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper b yte (DQ 9 -DQ16) . BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C16257. 

The MT4C16258 and MT4C16259 function in the same 
manner as MT4C16256 and MT4C16257, respectively; and 
they have NONPERSISTENT MASKED WRITE cycles ca- 
pabilities. This option allows the MT4C16258 and 
MT4C16259 to operate with either normal WRITE cycles or 
with NONPERSISTENT MASKED WRITE cycles. 


BLOCK DIAGRAM 


DQ1 


DQ16 



RAS 


■o Vcc 
■o Vss 
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PIN DESCRIPTIONS 


SOJ 

PINS 

TSOP 

PINS 

ZIP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

16 

24 

RAS 

Input 

ROW Address Strobe: RAS is used to latch in the 9 
row-address bits and strobe the WE and DQs on the 

MASKED WRITE option (MT4C16258 and MT4C16259 
only). 

28 

30 

38 

CAS/ CASH 

Input 

Column Address Strobe: CAS (MT4C1 6256/8) is used to 
latch-in the 9 column-address bits and enable the DRAM 
output buffers, and strobe the data inputs on WRITE cycles. 
CAS controls DQ1 through DQ16. 

Column Address Strobe Upper Byte: CASH (MT4C1 6257/9) 
is the CAS control for DQ9 through DQ1 6. The DQs for the 
byte not being accessed will remain in a High-Z (high imped- 
ance) state during either a READ or a WRITE access cycle. 

27 

29 

37 

OE 

Input 

Output Enable: OE enables the output buffers when taken 

LOW during a READ access cycle. RAS and CAS 
(MT4C1 6256/8) or CASL / CASH (MT4C1 6257/9) must be 
LOW and WEL / WEH (MT4C1 6256/8) or WE 
(MT4C1 6257/9) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

13 

15 

23 

WEH/WE 

Input 

Write Enable Upper Byte: WEH (MT4C1 6256/8) is WE 
control for the DQ9 through DQ16 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT4C1 6258, then it is also a 
MASKED WRITE cycle. The DQs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C1 6257/9) controls DQ1 through 
DQ16inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C1 6258/9 also use WE to enable the MASK 
register during RAS time. 

12 

14 

22 

WEL/NC 

Input 

Write Enable Lower Byte: WEL (MT4C1 6256/8) is the WE 
control for DQ1 through DQ8 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C1 6258, then it is also a MASKED WRITE cycle. The 
DQs for the byte not being written will remain in a High-Z 
state (BYTE WRITE cycle only). 

29 

31 

39 

NC/CASL 

Input 

Column Address Strobe Low Byte: CASL (MT4C1 6257/9) is 
the CAS control for DQ1 through DQ8. The DQs for the byte 
not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

16-19, 

22-26 

18-21, 

24-28 

26-29, 

32-36 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL / CASH) to select one 1 6-bit word 
(or 8-bit byte) out of the 256K available words. 
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PIN DESCRIPTIONS (continued) 


SOJ 

PINS 

TSOP 

PINS 

ZIP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

2-5, 7-10, 
31-34, 
36-39 

2-5, 7-10, 
35-38, 
40-43 

12-15, 
17-20, 
1-4, 6-9 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1 -DQ1 6 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed 
by using WEL / WEH (MT4C1 6256/8) or CASL / CASH 
(MT4C1 6257/8) to select the byte to be written. For READ 
access cycles, DQ1-DQ16 act as outputs for the addressed 
DRAM Location. All sixteen I/Os are active for READ cycles 
(MT4C1 6256/8). The MT4C1 6257/9 allow for BYTE READ 
cycles. 

11, 15, 30 

13, 17 

21,25, 40 

NC 

- 

No Connect: These pins should be either left unconnected or 
tied to ground. 

1,6, 20 

1,6, 22 

11, 16, 30 

Vcc 

Supply 

Power Supply: +5V ±10% 

21,35, 40 

23, 39, 44 

i 

5, 10, 31 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 18 address 
bits during READ or WR ITE cycles. These are entered 9 bits 
(A0-A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or RE AD- WRITE) once RAS goe s LOW . The 
MT4C16256 and MT4C16258 each have one C AS con trol 
while the MT4C16257 and MT4C16259 have two: CASL and 
CASH . 

The CASL and CASH inputs internally generate a CAS 
signa l functioning in an identical manner to the single 
CAS input o n the o ther 256K x 16 DRAMs. The key differ- 
ence is each CAS contro ls it s c orresponding DQ tristate 
logic (in conjunction with OE and WE). CASL controls DQ1 
through DQ8, and CASH controls D Q9 thr ough DQ16. 

The MT4C16257 a nd MT4C1625 9 "CAS" f unction is de- 
termined by the first CAS (CASL or CASH ) to transition 
LOW and the last one to transition back HIGH. The two 
CAS controls give the MT4C16257 and MT4C16259 both 
byte READ and byte WRITE cycle capabilities. 

READ or WRITE cycles on the MT4C16257 or MT 4C 16259 
are selected with t he WE input while either WEL or WEH 
perform the "WE" on the MT4C16256 or MT4C16258. The 
MT4C16256 and MT4C 1 6 258 "WE" func tion is determined 
by the first BYTE WRITE (WEL or WEH) to transition LOW 
and the last one to trans ition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the fal ling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a 
WRITE cycle, selec ting DQ1 through DQ16. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
ope n (Hig h- Z) until the next CAS cycle. If WE goes LOW 
after CAS goes LOW and data reaches the output pins, data 
out (Q) is activated and retains the selected cell data as long 
as CAS and O E remain LOW (regardless of WE or RAS). 
This late WE pulse results in a READ- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 


by OE , WEL and WEH (MT4C16256 and MT4C16258) or 
WE (MT4C16257 and MT4C16259). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or RE AD-MODIFY-WRITE) within a 
row address (A0-A8) defined page boundary. The FAST 
PAGE MOD E cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different colum n add resses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MOD E oper ation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFOR E-RAS , or HID- 
DEN refresh) so that all 512 combinations of RAS addresses 
(A0-A8) are executed at least every 8ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for ROW address 
control. 

BYTE ACCESS CYCLE 

The BYTE WRITE mode is determined by the use of 
WEL and WEH or CASL and CASH. Enabling WEL/ 
CASL will select a lower BYTE WRITE cycle (DQ1-DQ8) 
while Enabling WEH or CASH will select an upper BYTE 
W RITE c ycle (DQ9-D Q16). Enabling both WEL and WEH 
or CASL and CASH selects a WORD WRITE cycle. 

The MT4C16256, MT4C16257, MT4C16258 and 
MT4C16259 can be viewed as two 256K x 8 DRAMS w hich 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the MT4C16256 BYTE 
WRITE and WORD WRITE cycles and Figure 2 illustrates 
the MT4C16257 BYTE WRITE and WORD WRITE cycles. 

The MT4C16257 also ha s BYTE READ and WORD READ 
cycles, since it uses two CAS inputs to control its byte 
accesses. Figure 3 illustrates the MT4C16257 BYTE READ 
and WORD READ cycles. 
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MASKED WRITE ACCESS CYCLE (MT4C16258/9 Only) 

The MASKED WRITE mode control input selects normal 
WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C16256 and MT4C16257 
do not have the MASKED WRITE cycle function. 

Th e data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 
bit is disabled during the following WRITE operation and 


| ◄ WORD WRITE 

RAS \ __ 


no new data will be written to that DRAM cell location. A 
HIGH (logic " 1 ") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ- 
ous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 MASKED WRITE 
operation and Figure 5 illustrates the MT4C16259 
MASKED WRITE operation. 


*► I ◄ LOWER BYTE WRITE — 

j \ r 


CAS 

WEL 

WEH 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


STORED 
DATA 
J_ 

J_ 

J_ 

J_ 

J_ 

_ 1 _ 

1 



r 


r 




INPUT 

DATA 

1 

1 

0 

0 

0 

1 

1 

0 

1 

• 1 
0 
0 
1 
0 
1 
0 


STORED 

DATA 

> pL 

> j_ 

> _o 

> _o 

> _o 

> j_ 

> 0 


STORED 

DATA 

0_ 
o_ 

0_ 

_ 1 _ 

_ 1 _ 

0 


X = NOT EFFECTIVE (DON’T CARE) 


INPUT 

DATA 

1 

1 

1 

1 

1 

1 

1 

1 

X 

X 

X 

X 

X 

X 

X 

X 


STORED 
DATA 
> _ 1 _ 

> J_ 

> 2_ 

> j_ 

> _i_ 

> j_ 

> 


Figure 1 

MT4C1 6256/8 WORD AND BYTE WRITE EXAMPLE 
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RAS 


WORD WRITE 


LOWER BYTE WRITE 

A : r 


CASL 


UPPER BYTE 
(DQ9-DQ1 6) 
OF WORD 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


STORED INPUT 


DATA 

_ 1 _ 

_ 1 _ 

_0_ 

J_ 

JL 

_i_ 

i 


DATA 

0 - 
0 -- 
1 -- 
0 -- 
0 -- 
0 -- 
0 -- 
0 - 


INPUT 

DATA 


ADDRESS 0 


STORED 

DATA 

-> 


STORED 

DATA 


_o_ 



_o_ 

o_ 



_o_ 

_i_ 




_o_ 



_0_ 

o_ 




o_ 



_o_ 

o_ 



o_ 

o_ 
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ADVANCE 


MICRON 

B TECHNOLOGY, INC. 


MT4C1 6256/7/8/9 
256Kx 16 DRAM 


TRUTH TABLE: MT4C1 6256/8 


FUNCTION 

ms 

ms 

WET 

WEH 

UF 

ADDRESSES 

DQs 

NOTES 

! R 

! C 

Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

3 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

3 

WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

3 

READ-WRITE 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1,3 

PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Data Out 


PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H-L 

L 

L 

X 

n/a 

COL 

Data In 

1,3 

PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,3 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,2,3 

RAS-ONLY 

REFRESH 

L 

H 

H 

H 

X 

ROW 

n/a 

High-Z 


Cfi5-BEFORE-RAS 

REFRESH 

H-L 

L 

H 

H 

X 

X 

X 

High-Z 



NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Data-in will be dependent on the mask provided (MT4C1 6258 only). Refer to Figure 4. 
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MT4C1 6256/7/8/9 
256Kx 16 DRAM 


TRUTH TABLE: MT4C1 6257/9 


FUNCTION 

TffiS 

CAST 

t*5H 

WE 

w 

ADDRESSES 

DOs 

NOTES 

tR 

*C 

Standby 

H 

H-X 

H-X 

X 

X 

X 

X 

High-Z 


READ: WORD 

L 

L 

L 

H 

L 

ROW 

COL 

Data Out 


READ: LOWER BYTE 

L 

L 

H 

H 

L 

ROW 

COL 

Lower Byte, Data Out 
Upper Byte, High-Z 


READ: UPPER BYTE 

H 

H 

L 

H 

L 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data Out 


WRITE: WORD 
(EARLY-WRITE) 

■ 

■ 

L 

L 

X 

ROW 

COL 

Data In 

5 

WRITE: LOWER 

BYTE (EARLY) 

L 

H 

H 

L 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

5 

WRITE: UPPER 

BYTE (EARLY) 

H 

H 

m 

■ 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

5 

READ-WRITE 

L 

L 

L 

H-L 

L—H 

ROW 

COL 

Data Out, Data In 

1,2,5 

PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H-L 

H 

L 

ROW 

COL 

Data Out 

2 

2nd Cycle 

L 

H-L 

H->L 

H 

L 

n/a 

COL 

Data Out 

2 

PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

H— L 

L 

X 

ROW 

COL 

Data In 

1,5 

2nd Cycle 

L 

H-L 

H-L 

L 

X 

n/a 

COL 

Data In 

1,5 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1,2,5 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,2,5 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

L 

ROW 

COL 

Data Out 

2 

WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,3,5 

RAS-ONLY 

REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H— L 

L 

L 

H 

X 

X 

X 

High-Z 

4 


NOTE: 1 . These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 

2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 

3. EARLY-WRITE only. 

4. Only one of the two CAS must be active (CASL or CASH). 

3. Data-in will be dependent on the mask provided (MT4C16259 only). Refer to Figure 5. 
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ADVANCE 



MT4C1 6256/7/8/9 
256Kx 16 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -IV to +7V 

Operating Temperature, Ta (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

\iA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vqut < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = *RC (MIN)) 

ICC3 

160 

140 

120 

mA 

3, 4, 42 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = tPC (MIN); X CP, *ASC = 10ns) 

ICC4 

120 

110 

100 

mA 

3, 4, 42 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = t RC (MIN)) 

ICC5 

160 

140 

120 

mA 

3, 5, 42 

REFRESH CURRENT: CAS-BEFORE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = 'RC (MIN)) 

ICC6 

160 

140 

120 

mA 

3,5 
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ADVANCE 


MICRON 
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MT4C1 6256/7/8/9 
256Kx 16 DRAM 


CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 

5 

pF 

2 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE 

Cl2 

7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

180 


200 


245 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

l PC 

45 


50 


55 


ns 

35 

FAST-PAGE-MODE READ-WRITE 
cycle time 

tPRWC 

95 


100 


110 


ns 

35 

Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15,33 

Output Enable time 

l OE 


20 


20 


25 

ns 

33 

Access time from column address 

X AA 


35 


40 


45 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


55 

ns 

33 

RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (PAGE MODE) 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 

40 

RAS precharge time 

X RP 

50 


60 


70 


ns 


CAS pulse width 

l CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 

39 

CAS hold time 

*CSH 

70 


80 


100 


ns 

32 

GAS precharge time 

X CPH 

10 


10 


10 


ns 

16, 36 

CAS precharge time (PAGE MODE) 

X CP 

10 


10 


10 


ns 

36 

RAS to CAS delay time 

l RCD 

20 

50 

20 

60 

25 

75 

ns 

17,31 

CAS to RAS precharge time 

*CRP 

10 


10 


10 


ns 

32 

Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


15 


ns 


RAS to column 
address delay time 

*RAD 

15 

35 

15 

40 

[ 

20 

55 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 

31 

Column address hold time 

T CAH 

15 


15 


20 


ns 

31 

Column address hold time 
(referenced to RAS) 

X AR 

55 


60 


75 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


55 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 

26,31 

Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19, 26 ,32 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

l CLZ 

0 


0 


0 


ns 

33 
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MT4C1 6256/7/8/9 
256Kx 16 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1, 12, 13) (0°C < T A < +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


- 

7 

- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

*OFF 

0 

15 

0 

15 

0 

20 

ns 

20, 29, 33 

Output disable time 

‘OD 


15 


15 


20 

ns 

29, 41 

Write command setup time 

tWCS 

0 


0 


0 


ns 

21,26, 31 

Write command hold time 

'WCH 

15 


15 


20 


ns 

26, 40 

Write command hold time 

*WCR 

55 


60 


75 


ns 

26 

(referenced to RAS) 










Write command pulse width 

twp 

10 


10 


20 


ns 

26 

Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 

26 

Write command to CAS lead time 

*CWL 

20 


20 


25 


ns 

26, 32 

Data-in setup time 

<DS 

0 


0 


0 


ns 

22, 33 

Data-in hold time 

t>H 

15 


15 


20 


ns 

22, 33 

Data-in hold time 

'DHR 

55 


60 


75 


ns 


(referenced to RAS) 










RAS to WE delay time 

*RWD 

95 


105 


135 


ns 

21 

Column address 

ftWD 

60 


65 


80 


ns 

21 

to WE delay time 










CAS to WE delay time 

•CWD 

45 


45 


60 


ns 

21,31 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

l REF 


8 


8 


8 

ms 

28 

RAS to CAS precharge time 

*RPC 

10 


10 


10 


ns 


CAS setup time 

•CSR 

10 


10 


10 


ns 

5,31 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

*CHR 

10 


10 


10 


ns 

5, 32 

(CAS-BEFORE-RAS refresh) 










MASKED WRITE command to RAS 

tWRS 

0 


0 


0 


ns 

26, 27 

setup time 







j 



WE hold time (MASKED WRITE 

l WRH 

15 


15 


15 

i 

ns 

26 

and CAS-BEFORE-RAS refresh) 







;;j 



Mask data to RAS setup time 

'MS 

0 


0 


0 


ns 

26,27 

Mask data to RAS hold time 

*MH 

15 


15 


15 


ns 

26, 27 

OE hold time from WE during 

kDEH 

20 


20 


25 


ns 

28 

READ-MODIFY-WRITE cycle 










OE setup prior to RAS during 

tORD 

0 


0 


0 


ns 


HIDDEN REFRESH cycle 










Last CAS going LOW to first CAS to 

•CLCH 

10 


10 


10 


ns 

34 

return HIGH 




1 


-.M 




WE setup time 

l WRP 

10 


10 

. . . .. / ■ t 



ns 


(CAS-BEFORE-RAS refresh) 




■ ■! 
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■ WIDE DRAM 


ADVANCE 



= 1 - 1 * 


MT4C1 6256/7/8/9 
256K x 16 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the t REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gate and 
lOOpF. 

14. Assumes that 4 RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that 4 RCD > *RCD (MAX), 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD limit ensures that tRCD 
(MAX) can be met. t RAD (MAX) is specified as a 
reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 


20. l OFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
VoHorVoL. 

21. HVCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in LATE-WRITE and READ- 
MODIFY-WRITE cycles only. If <WCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If l RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
cond itions is met , the state of Q (at access time and 
unt il CAS or OE goes back to Vih) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (OE controlled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MOPIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ- 
MODIFY-WRITE operation is not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as either WEL or WEH or 
both going LOW on the MT4C16256/8. Write 
command is defined as WE going LOW on the 
MT4C16257/9. 

27. MT4C 16258/9 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after l OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQ s open during READ cycles once *OD or t OFF 
occur. If CAS goes HIGH fir st, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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NOTES (continued) 

30. Notes 31 throu gh 41 apply to MT4C16257/9 only (*): 

31. *The first CASx edge to transition LOW. 

32. *The last CASx edge to transition HIGH. 

33. ^Output param eter (DQx) is refere nced to corre- 

sponding CAS input; DQ1-DQ8 by CASL and DQ9- 
DQ16by C ASH! 

34. *Last falling CASx edge to first rising CASx edge^ 

35. *Last rising CASx edge to next cycle's last rising CASx 
edge. 


36. *Last rising CASx edge to first falling CASx edge. 

37. *First DQs controlled by the first CASx to go LOW. 

38. *Last DQs controlled by the last CASx to go HIGH. 

39. *Eac h CAS x must meet minimum pulse width. 

40. *Last CASx to go LOW. 

41. *A11 DQs controlled, regardless CAS L and CASH. 

42. Colum n address changed once while RAS = Vil and 
CAS = Vih. 
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READ CYCLE 




WA DON’T CARE 
E88 UNDEFINED 

NOTE: 1 . Applies to MT4C1 6258 and MT4C1 6259 only. WE selects between normal WRITE and MASKED WRITE at 
RAS time. The DQ input s are “ don’t care” for a normal WRITE (WE HIG H at R AS ti me). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ 
inputs on MT4C16256 and MT4C16257 are “don’t care” at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 




FAST-PAGE-MODE READ CYCLE 



NOTE: 1 . Appli es to MT4C1 6258 and MT4C1 6259 only. WE selects between normal WRITE and MASKED WRITE at 
RAS time. The DQ input s are “ don’t care” for a normal WRITE (WE HIG H at R AS ti me). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ 
inputs on MT4C1 6256 and MT4C 16257 are “don’t care” at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1 . Appli es to MT4C1 6258 and MT4C1 6259 only. WE selects between normal WRITE and MASKED WRITE at 

RAS time. The DQ input s are “ don’t care” for a normal WRI TE ( WE HIG H at R AS ti me). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ 
inputs on MT4C1 6256 and MT4C1 6257 are “don’t care” at RAS time. 
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RAS ONLY REFRESH CYCLE 

(ADDR = A0-A8, OE; WEL, WEH or WE = DON’T CARE) 



CS5-BEFORE-1A5 REFRESH CYCLE 

(A0-A8; and OE = DON’T CARE) 



(READ) (REFRESH) 
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256K x 1 6 DRAM 

LOW POWER, EXTENDED REFRESH 


FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• BYTE WRITE access cycle 

• BYTE READ access cycle (MT4C16257/9 L only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C16258/9 L only) 

• 512 cycle refresh distributed across 64ms 

• Low power, lmW standby; 500mW active, typical 


MT4C16256 L 


MT4C16257 L 


MT4C16258 L 


MT4C16259 L 


OPTIONS MARKING 

• Timing 

70ns access - 7 

80ns access - 8 

100ns access -10 

• Write Cycle Access 

BYTE or WORD via WE MT4C16256L 

(non-maskable) 

BYTE or WORD via CAS MT4C16257 L 

(non-maskable) 

BYTE or WORD via WE MT4C16258 L 

(maskable) 

BYTE or WORD via CAS MT4C16259 L 

(maskable) 

• Packages 

Plastic SOJ (400 mil) DJ 

Plastic TSOP (400 mil) TG 

Plastic ZIP (475 mil) Z 

NOTE: Available in die form. Please consult factory for die data sheets. 

• Part Number Example: MT4C16256DJ-7 L 

GENERAL DESCRIPTION 

The MT4C16256/7/8/9 L are randomly accessed solid- 
state memories containing 4,194,304 bits organized in a xl6 
configuration. The MT4C16256 L and MT4C16258 L have 
both BYTE WRITE and WORD WRITE access cycles via two 
write enable pins. The MT4C16257 L and MT4C16259 L 
have both BYTE WRITE and WORD WRITE access cycles 


PIN ASSIGNMENT (Top View) 2 


40-Pin SOJ 

(Q-6) 


40-Pin ZIP 

(0-4) 


NC C 11 

*WEL/NC C 12 
*WEH/WE [ 13 
RAS [ 14 
NC L 15 
A0 C 16 
Alt 17 


30 ] NC 

29 ] NC/CASL* 
28 ] CAS/CASH* 
27 3 OE 
26 3 A8 
25 3 A7 


40-Pin TSOP 

(R-5) 


NCd 13 

*WEL7NC EX 14 
‘WEH/WECE 15 
RAStX 16 
NCCE 17 


*MT4C1 6256/8 L / MT4C1 6257/9 L 

via twoCMpins. The MT4C16258 L and MT4C16259 L are 
also able to perform WRITE-PER-BIT accesses. 

The MT4C16256 L and MT4C16257 L function in the same 
manner except that WEL and WEH on MT4C16256 L and 
CASL and CASH on MT4C16257 L c ontrol t he selection of 
byte WRITE access cycles. WEL and WEH function in an 
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identical manner to WE in that eith er WEL or WEH will 
generate an interna l WE. CASL and CASH f u nction in an 
identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 

The MT4C1625 6 L "WE" fu n ction an d timing are deter- 
mined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH . Use o f only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ 16). 

The MT4C1625 7 L "CAS" fu nction and timing are deter- 
mined by the first CAS ( CASL or CASH) to transition LOW 


and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. CASL transitioning 
LO W selec ts a WRITE cycle for the lower byte (DQ1-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper b yte (DQ 9 -DQ16) . BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C16257 L. 

The MT4C16258 L and MT4C16259 L function in the same 
manner as MT4C16256 L and MT4C16257 L, respectively; 
and they have NONPERSISTENT MASKED WRITE cycle 
capabilities. This option allows the MT4C16258 L and 
MT4C16259 L to operate with either normal WRITE cycles 
or with NONPERSISTENT MASKED WRITE cycles. 


FUNCTIONAL BLOCK DIAGRAM 


DQ1 


DQ16 



o Vss 
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PIN DESCRIPTIONS 


SOJ 

PINS 

TSOP 

PINS 

ZIP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

16 

24 

RAS 

Input 

ROW Address Strobe: RAS is used to latch in the 9 row- 
address bits and strobe the WE and DQs on the MASKED 
WRITE option (MT4C16258 L and MT4C16259 L only). 

28 

30 

38 

CAS/ CASH 

Input 

Column Address Strobe: CAS (MT4C1 6256/8 L) is used to 
latch-in the 9 column-address bits, enable the DRAM output 
buffers, and strobe the data inputs on WRITE cycles. CAS 
controls DQ1 through DQ16. 

Column Address Strobe Upper Byte: CASH (MT4C1 6257/9 

L) is the CAS control for DQ9 through DQ1 6. The DQs for the 
byte not being accessed will remain in a High-Z (high imped- 
ance) state during either a READ or a WRITE access cycle. 

27 

29 

37 

OE 

Input 

Output Enable: OE enables the output buffers when taken 

LOW during a READ access cycle. RAS and CAS 
(MT4C1 6256/8 L) or CASL / CASH (MT4C1 6257/9 L) must 
be LOW and WEL / WEH (MT4C1 6256/8 L) or WE 
(MT4C1 6257/9 L) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

13 

15 

23 

WEH/WE 

Input 

Write Enable Upper Byte: WEH (MT4C1625L6/8 L) is WE 
control for the DQ9 through DQ16 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT4C1 6258 L, then it is also a 
MASKED WRITE cycle. The DQs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C1 6257/9 L) controls DQ1 through 
DQ16 inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C1 6258/9 L also use WE to enable the MASK 
register during RAS time. 

12 

14 

22 

WEL/NC 

Input 

Write Enable Lower Byte: WEL (MT4C1 6256/8 L) is the WE 
control for DQ1 through DQ8 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C16258 L, then it is also a MASKED WRITE cycle. 

The DQs for the byte not being written will remain in a High- 
Z state (BYTE WRITE cycle only). 

29 

31 

39 

NC/CASL 

Input 

Column Address Strobe Low Byte: CASL (MT4C1 6257/9 L) 
is the CAS control for DQ1 through DQ8. The DQs for the 
byte not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

16-19, 

22-26 

18-21, 

24-28 

26-29, 

32-36 

A0-A8 

i Input 

j. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL / CASH) to select one 1 6-bit word 
! (or 8-bit byte) out of the 256K available words. 



a 

m 

a 

u 

> 
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PIN DESCRIPTIONS (continued) 


SOJ 

PINS 

TSOP 

PINS 

ZIP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

2-5, 7-10, 
31-34, 
36-39 

2-5, 7-10, 
35-38, 
40-43 

12-15, 
17-20, 
1-4, 6-9 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed 
by using WEL / WEH (MT4C1 6256/8L) or CASL / CASH 
(MT4C1 6257/8L) to select the byte to be written. For READ 
access cycles, DQ1 -DQ1 6 act as outputs for the addressed 
DRAM Location. All sixteen I/Os are active for READ cycles 
(MT4C16256/8L). The MT4C16257/9L allow for BYTE READ 
cycles. 

11, 15, 30 

13, 17 

21,25, 40 

NC 

- 

No Connect: These pins should be either left unconnected or 
tied to ground. 

1 , 6, 20 

1,6, 22 

11, 16, 30 

Vcc 

Supply 

Power Supply: +5V ±10% 

21 , 35, 40 

23, 39, 44 

5, 10,31 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 18 address 
bits during READ or WRITE cycles. These are entered 9 bits 
(A0-A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. 

The CAS contro l also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. The 
MT4C16256 L and MT4C16258 L each have one CAS 
cont rol wh ile t he MT4 C16257 L and MT4C16259 L have 
two:C ASL an d C ASH. 

The CASL and CASH inputs internally generate a CAS 
signa l functioning in an identical manner to the single 
CAS input on the other 256K x 16 DRAMs. The key differ- 
ence is each CAS controls its corresponding DQ tristate 
logic (in conjunctio n with O E and WE). CASL controls DQ1 
through DQ8, and CASH controls DQ9 t hroug h DQ16. 

The MT4C16257 L a nd MT4C162 59 L "CAS ~" function is 
determined by the first CAS (CASL or CASH ) to transition 
LOW and the last one to transition back HIGH. The two 
CAS controls give the MT4C16257 L and MT4C16259 L 
both BYTE READ and BYTE WRITE cycle capabilities. 

READ or WRITE cycles on the MT4C16257 L or 
MT4C 1 6259 L a re selected w ith th e WE input while either 
WEL or WEH perform the "WE" on the MT4C16256L or 
MT4C16258 L. The MT4C16256 L and MT4C16258 L "WE " 
function is determined by the first BYTE WRITE (WEL or 
WEH) to transition LOW and the last one to transition back 
HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a 
WRITE cycle, selecting DQ1 through DQ16. If WE goes 
LOW prior to CAS going LO W, th e outpu t pin (s) remain 
ope n (Hig h- Z) until the next CAS cycle. If WE goes LOW 
after CAS goes LOW and data reaches the output pins, data 
out (Q) is activated and retains the selected cell data as long 
as CAS and O E remain LOW (regardless of WE or RAS). 
This late WE pulse results in a RE AD- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common 1/ O, and pin direction is controlled 
by OE , WEL and WEH (MT4C16256 L and MT4C16258 L) 
or WE (MT4C16257 L and MT4C16259 L). 


FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A8) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strob ed-in by RA S followed by a column a ddres s strobed- 
in by CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column a ddres ses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MOD E op eratio n. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN refresh) so that all 512 combinations of RAS addresses 
(A0-A8) are e xecute d at leas t ever y 64ms, regardless of 
sequence. The CAS-BEFORE-RAS refresh cycle will also 
invoke the refresh counter and controller for ROW address 
control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mod e p rovid es a very low current, data reten- 
tion cy cle. R AS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

BYTE ACCESS CYCLE 

The BYTE WRITE mode is determined by the use of 
WEL and WEH or CASL and CASH. Enabling WEL/ 
CASL will sele ct a low e r BYTE WRITE cycle (DQ1-DQ8) 
while enabling WEH or CASH will select an upper BYTE 
W RITE c ycle (DQ9-D Q16). Enabling both WEL and WEH 
or CASL and CASH selects a WORD WRITE cycle. 

The MT4C16256 L, MT4C16257 L, MT4C16258 L and 
MT4C16259 L can be viewed as two 256K x 8 DRAMS w hich 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the MT4C16256 L 
BYTE WRITE and WORD WRITE cycles and Figure 2 
illustrates the MT4C16257 L BYTE WRITE and WORD 
WRITE cycles. 

TheMT4C16257LalsohasBYTE READ andWORD READ 
cycles, since it uses two CAS inputs to control its byte ac- 
cesses. Figure 3 illustrates the MT4C16257 L BYTE READ and 
WORD READ cycles. 
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MASKED WRITE ACCESS CYCLE (MT4C16258/9 L Only) 

The MASKED WRITE mode control input selects nor- 
mal WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle c an be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is se- 
lected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C16256 L and MT4C16257 
L do not have the MASKED WRITE cycle function. 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic " 0 ") 
is written to a mask data register bit, the input port for that 
bit is disabled during the subsequent WRITE operation and 


no new data will be written to that DRAM cell location. A 
HIGH (logic "l") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ- 
ous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 L MASKED WRITE 
operation and Figure 5 illustrates the MT4C16259 L 
MASKED WRITE operation. 
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MT4C1 6256/7/8/9 L 
256Kx 16 DRAM 


RAS 


^ _ wnnn writf ^ 

^ i n\A/FH PVTF VA/niTP ^ 

^ WUnU Wnl It ^ 

^ LUVVtn dY it Wnl 1 1 ^ 


~Y 


CASL 


CASH 


WE 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


DATA 

1_ 

1_ 

0_ 

1_ 

1 _ 

1 

T 

i 


f 
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ADDRESS 0 
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ADVANCE 



MT4C1 6256/7/8/9 L 
256Kx 16 DRAM 


RAS 


WORD READ 

v_ 


◄ LOWER BYTE READ 

J \ / 


\ / \ f 






CASH 

\ 

/ 


WE / 


\ / 

V_ 
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j_ 

i_ 

? 
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<3 
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ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT4C1 6256/7/8/9 L 
256Kx 16 DRAM 


TRUTH TABLE: MT4C1 6256/8 L 


FUNCTION 

RAS 

CAST 

WET 

WEH 

or 

ADDRESSES 

DQs 

NOTES 

*R 

*C 

Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

3 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

3 

WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

3 

READ-WRITE 

L 

L 

H— L 

H— L 

L— H 

ROW 

COL 

Data Out, Data In 

1,3 

PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

...... H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

HH_ 

H 

H 

L 

n/a 

COL 

Data Out 


PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H— L 

L 

L 

X 

n/a 

COL 

Data In 

1,3 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H— L 

H-L 

L-H 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H—L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,3 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,2, 3 

RAS-ONLY 

REFRESH 

L 

H 



H 

H 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H— L 

L 

H 

H 

X 

X 

x 

High-Z 


BATTERY BACKUP 
REFRESH 

H-L 

L 

H 

H 

X 

X 

X 

High-Z 



NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Data-in will be dependent on the mask provided (MT4C16258 L only). Refer to Figure 4. 
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NEW ■ WIDE DRAM 


ADVANCE 


fUllCRON 


MT4C1 6256/7/8/9 L 
256K x 16 DRAM 


TRUTH TABLE: MT4C1 6257/9 L 


FUNCTION 

RAS 

CASL 

CASH 

WET 

W 

ADDRESSES 

DQs 

NOTES 

*R 

*C 

Standby 

H 

H-X 

H-X 

X 

X 

X 

X 

High-Z 


READ: WORD 

L 

L 

L 

H 

L 

ROW 

COL 

Data Out 


READ: LOWER BYTE 

L 

L 

H 

H 

L 

ROW 

COL 

Lower Byte, Data Out 
Upper Byte, High-Z 


READ: UPPER BYTE 

L 

H 

L 

H 

L 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

5 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

5 

WRITE: UPPER 

BYTE (EARLY) 

L 

H 

L 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

5 

READ-WRITE 

L 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1,2,5 

PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H-L 

H 

L 

ROW 

COL 

Data Out 

2 

2nd Cycle 

L 

H-L 

H-L 

H 

L 

n/a 

COL 

Data Out 

2 

PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

H-L 

L 

X 

■ 

ROW 

COL 

Data In 

1,5 

2nd Cycle 

L 

H-^L 

H-L 

L 

X 

n/a 

COL 

Data In 

1,5 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H^L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1,2,5 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,2,5 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

L 

ROW 

COL 

Data Out 

2 

WRITE 

L— H— L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,3,5 

RAS-ONLY 

REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

L 

H 

X 

X 

X 

High-Z 

4 

BATTERY BACKUP 
REFRESH 

H-L 

L 

L 

H 

X 

X 

X 

High-Z 

4 


NOTE: 1 . These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 

2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 

3. EARLY-WRITE only. 

4. Only one of the two CAS must be active (CASL or CASH). 

5. Data-in will be dependent on the mask provided (MT4C16259 L only). Refer to Figure 5. 
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ADVANCE 


MICRON 

■ TECHNOLOGY. INC. 


MT4C1 6256/7/8/9 L 
256Kx 16 DRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -IV to +7V 

Operating Temperature, (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CA5 = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

200 

200 

200 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

160 

140 

120 

mA 

3,4 

43 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN); 'CP, 'ASC = 10ns) 

ICC4 

120 

110 

100 

mA 

3,4 

43 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'HC = 'RC (MIN)) 

ICC5 

160 

140 

120 

mA 

3,5 

43 

REFRESH CURRENT: UAg-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

160 

140 

120 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = l RAS (MIN) to 

300ns; WE, A0-A9 and Din = Vcc - 0.2V (Din may be left 
open), 'RC = 125}is (512 rows at 125fxs = 64ms) 

ICC7 

300 

300 

300 

pA 

3,5 

42 
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ADVANCE 


MICRON 

1 TECHNOLOGY. INC. 


MT4C1 6256/7/8/9 L 
256Kx 16 DRAM 


CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 

5 

pF 

2 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE 

Cl2 

7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A < +70°C; Vcc = 5V±10%) 


AC CHARACTERISTICS 


- 

7 


8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

*RWC 

180 


200 


245 


ns 


FAST-PAGE-MODE READ or WRITE 

t PC 

45 


50 


55 


ns 

35 

cycle time 










FAST-PAGE-MODE READ-WRITE 

*PRWC 

95 


100 


110 


ns 

35 

cycle time 










Access time from RAS 

'RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15, 33 

Output Enable time 

'OE 


20 


20 


25 

ns 

33 

Access time from column address 

'AA 


35 


40 


45 

ns 


Access time from CAS precharge 

'CPA 


40 


45 


55 

ns 

33 

RAS pulse width 

'HAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


25 


ns 

40 

RAS precharge time 

*RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 

39 

CAS hold time 

'CSH 

70 


80 


100 


ns 

32 

CAS precharge time 

l CPN 

10 


10 


10 


ns 

16, 36 

CAS precharge time (PAGE MODE) 

l CP 

10 


10 


10 


ns 

36 

RAS to CAS delay time 

'ROD 

20 

50 

20 

60 

25 

75 

ns 

17, 31 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 

32 

Row address setup time 

'ASH 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


15 


ns 


RAS to column 

'RAD 

15 

35 

15 

40 

20 

55 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 

31 

Column address hold time 

'CAH 

15 


15 


20 


ns 

31 

Column address hold time 

'AR 

55 


60 


75 


ns 


(referenced to RAS) 










Column address to 

'RAL 

35 


40 


55 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 

26, 31 

Read command hold time 

t RCH 

0 


0 


0 


ns 

19,26 ,32 

(referenced to CAS) 










Read command hold time 

l RRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 





. 



, ■ ■ i 


CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 

33 
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MT4C1 6256/7/8/9 L 
256Kx 16 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

_ -8 

-10 



PARAMETER 

SYM 

MIN 


■H 


MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

15 

0 

15 

0 

20 

ns 

20, 29, 33 

Output disable time 

'OD 


15 


15 


20 

ns 

29, 41 

Write command setup time 

'WCS 

0 


0 


0 


ns 

21,26, 31 

Write command hold time 


15 


15 


20 


ns 

26, 40 

Write command hold time 
(referenced to RAS) 






75 


ns 

26 

Write command pulse width 


10 


10 


20 


ns 

26 

Write command to RAS lead time 


20 


20 


25 


ns 

26 

Write command to CAS lead time 


20 


20 


25 


ns 

26,32 

Data-in setup time 

l DS 

0 


0 


0 


ns 

22, 33 

Data-in hold time 

*DH 

15 


15 


20 


ns 

22, 33 

Data-in hold time 
(referenced to RAS) 

>DHR 

55 


60 


75 


ns 


RAS to WE delay time 

l RWD 

95 


105 


135 


ns 

21 

Column address 
to WE delay time 

l AWD 

60 


65 


80 


ns 

21 

CAS to WE delay time 

'CWD 

45 


45 


60 


ns 

21,31 

Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

'REF 


64 


64 


64 

ms 

28 

RAS to CAS precharge time 

tRPC 

10 


10 


10 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 


ns 

5,31 

CAS hold time 

(CA5-BEFORE-RA5 refresh) 

*CHR 

10 


10 


10 


ns 

5, 32 

MASKED WRITE command to RAS 
setup time 

*WRS 

0 


0 


0 


ns 

26,27 

WE hold time (MASKED WRITE 
and CAS-BEFORE-RA5 refresh) 

'WRH 

15 


15 


15 


ns 

26 

Mask data to RAS setup time 

'MS 

0 


0 


0 


ns 

26, 27 

Mask data to RAS hold time 

*MH 

15 


15 


15 


ns 

26, 27 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

*OEH 

20 


20 


25 


ns 

28 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

'ORD 

0 


0 


0 


ns 


Last CAS going LOW to first CAS to 
return HIGH 

l CLCH 

10 


10 


10 


ns 

34 

WE setup time 
(CAS-BEFORE-RAS refresh) 

'\NRP 

10 


10 


10 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the t REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gate and 
lOOpF. 

14. Assumes that *RCD < 4 RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that t RCD 
exceeds the value shown. 

15. A ssum es that tRCD > tRCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for t CPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the t RAD limit ensures that *RCD 
(MAX) can be met. t RAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by 4 AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 


20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
Voh or Vol. 

21. HVCS, t RWD, l AWD and t CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIF Y -WRITE cycles only. If HVCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > tRWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
unt il CAS or OE go es ba ck to Vih) is inde termi nate, 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE- WRITE (O E cont rolled) cycle. 

22. These parameters are referen ced t o CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ- MO DIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ- 
MODIFY-WRITE operation is not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as either WEL or WEH or 
both going LOW on the MT 4C16256/8 L. Write 
command is defined as WE going LOW on the 
MT4C16257/9 L. 

27. MT4C16258/9 L only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide t he p reviously read data if CAS 
remains LOW and OE is taken back LOW after t OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQ s open during READ cycles once *OD or tQFF 
occur. If CA S goes HIGH fir st, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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NOTES (continued) 

30. Notes 31 throug h 41 apply to MT4C16257/9 L only (*): 

31. *The first CASx edge to transition LOW. 

32. *The last CASx edge to transition HIGH. 

33. ^Output param eter (DQx) is referenced to corre- 
sponding CAS input; DQ1-DQ8 by CASL and DQ9- 
DQ16 by C ASH. 

34. *Last fallin g CAS x edge to first rising CASx edge. 

35. *Last rising CASx edge to next cycle's last rising CASx 
edge. 


36. *Last rising CASx edge to first falling CASx edge. 

37. *First DQs controlled by the firs t CAS x to go LOW. 

38. *Last DQs c ontrolled by the last CASx to go HIGH. 

39. *Each CASx must meet minimum pulse width. 

40. *Last CASx to go LOW. 

41. *A11 DQs controlled, regardless CASL and CASH. 

42. BBU current is reduced as *RAS is reduced from its 
maximum specification during the B BU cy cle. 

43. Column address changed once while RAS = Vil and 
CASVVih. 
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READ CYCLE 



EARLY-WRITE CYCLE 



Y/A DON’T CARE 
ffl UNDEFINED 


NOTE: 1 . A pplies to MT4C16258 L and MT4C16259 L only. WE selects between normal WRIT E and MASKED WRITE 
at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ 
inputs on MT4C16256L and MT4C16257 L are “don’t care” at RAS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



WA DON’T CARE 
W UNDEFINED 


NOTE: 1 . A pplies to MT4C16258 L and MT4C16259 L only. WE selects between normal WRIT E and MASKED WRITE 
at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ 
inputs on MT4C1 6256 L and MT4C1 6257 L are “don’t care” at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1. A pplies to MT4C16258 L and MT4C16259 L only. WE selects bet ween normal WRIT E and MASKED WRITE 
at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at MS time). WEL, WEH and DQ 
. inputs on MT4C1 6256 Land MT4C1 6257 L are “don’t care” at RAS time. 
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IBS-ONLY REFRESH CYCLE 

(ADDR = A0-A8, OE; WEL, WEH or WE = DON’T CARE) 



CA5-BEF0RE-TBS REFRESH CYCLE 

(A0-A8; and OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A8; and OE = DON’T CARE) 
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HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

(READ) (REFRESH) 



[jjjjjjl UNDEFINED 
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256K x 16 DRAM 

ASYMMETRICAL, 

FAST PAGE MODE 



FEATURES 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• Address entry: 10 row addresses, eight column 
addresses 

• High-performance, CMOS silicon-gate process 

• Single +5V±10% power supply 

• Low power, 3mW standby; 500mW active, typical 

• All device pins are fully TTL compatible 

• 1,024 cycle refresh in 16ms 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Optional FAST-PAGE-MODE access cycle, 256 
locations wide 

• BYTE WRITE access cycle 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C16261 only) 


OPTIONS 

MARKING 

• Timing 

70ns access 

- 7 

80ns access 

-8 

100ns access 

-10 

• Masked Write 

Not Available 

MT4C16260 

Available 

MT4C16261 

• Packages 

Plastic SOJ (400mil) 

DJ 

Plastic TSOP (400mil) 

TG 

Plastic ZIP (475mil) 

Z 


GENERAL DESCRIPTION 

The MT4C16260 and MT4C16261 are randomly accessed 
solid-state memories containing 4,194,304 bits organized 
in a xl6 configuration. Each word or byte is uniquely 
addressed through the 18 address bits during READ or 
WRITE cycles. These are e ntered 10 bits (A0 -A9) first, then 
eight bit s seco nd (A0-A7). RAS is used to latch the first 10 
bits and CAS the latter eight bits. 

The MT4C16260 and MT4C16261 have both BYTE 
WRITE and WORD WRITE access cycles via two write 
enable pins. The MT4C16261 is able to perform WRITE- 
PER-BIT accesses. 

The MT4C16 260 an d MT4C16261 function in the same 
manner in that WEL and WEH control the selection of 



BYTE WRITE access cycles. WEL and WEH function 
identically to WE in that either WEL or WEH will generate 
an internal WE. 


The WE function and timing are determined by the first 
WE (WEL or WEH ) to transition LOW and by the last to 
transition back HIGH. Use of only one of the two results 
in a BYTE WRITE cycle. WEL transitioning LOW selects a 
WRITE cycle for the lower byte (DQ1-DQ8) and WEH 
transitioning LOW selects a WRITE cycle for the upper 
byte (DQ9-DQ16). 

The MT4C16261 has NONPERSISTENT, MASKED 
WRITE capability. 
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FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


SOJ 

PINS 

TS0P 

PINS 

ZIP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

16 

24 

RAS 

Input 

. 

ROW Address Strobe: RAS is used to latch in the 9 row- 
address bits and strobe the WE and DQs on the MASKED 
WRITE option. 

28 

30 

■ ■ ' , ■ 

38 

CAS 


Column Address Strobe: CAS is used to latch-in the 9 
column-address bits, enable the DRAM output buffers, and 
strobe the data inputs on WRITE cycles. CAS controls DQ1 
through DQ1 6. 

27 

29 

37 

OE 


Output Enable: OE enables the output buffers when taken 

LOW during a READ access cycle. RAS and CAS must be 
LOW and WEL/ WEH HIGH before OE will control the output 
buffers. Otherwise, the output buffers are in a High-Z state. 

13 

15 

23 

WEH 

Input 

Write Enable Upper Byte: WEH is WE control for the DQ9 
through DQ16 inputs. If WE or WEH is LOW, the access 
is a WRITE cycle. If either WE or WEH is LOW at RAS 
time on MT4C1 6261 , then it is also a MASKED WRITE 
cycle. The DQs for the byte not being written will remain in 
a High-Z state (BYTE WRITE cycle only). 

12 

14 

22 

WEL 

Input 

Write Enable Lower Byte: WEL is the WE control for DQ1 
through DQ8 inputs. If WEL is LOW, the access is a WRITE 
cycle. If WEL is LOW at RAS time on MT4C16261 , then it 
is also a MASKED WRITE cycle. The DQs for the byte not 
being written will remain in a High-Z state (BYTE WRITE 
cycle only). 

16-19, 

22-26 

18-21, 

24-28 

26-29, 

32-36 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS to select one 1 6-bit word (or 8-bit byte) out of 
the 256K available words. 

2-5, 7-10, 
31-34, 
36-39 

2-5, 7-10, 
35-38, 
40-43 

12-15, 
17-20, 
1-4, 6-9 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed 
by using WEL/ WEH to select the byte to 
be written. For READ access cycles, DQ1 -DQ1 6 act as 
outputs for the addressed DRAM Location. All sixteen I/Os 
are active for READ cycles. 

11, 15, 

30, 29 

13, 17, 

31 

21,25, 
40, 39 

NC 


No Connect: These pins should be either left unconnected or 
tied to ground. 

1,6, 20 

1,6, 22 

11, 16, 30 

Vcc 

Supply 

Power Supply: +5V ±1 0% 

21,35, 40 

23, 39, 44 

5, 10, 31 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 18 address 
bits during READ or WRITE cycles. RAS is used to latch the 
first 1 0 bits (A0-A9) and CAS the latter 8 bits (A0-A7). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ- WRITE) once RAS goes LOW. ___ 

A READ or WRITE cycle is selected with either WEL or 
WEH performing the "WE" function. T he "WE "f unction is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

A logi c HIG H on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRIT E cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LO W will initiate a WRITE 
c ycle, se lecting DQ1 through DQ16. If WE goes LOW prior 
to CAS going LOW, the output pin(s) remain open (High- Z) 
until the next CAS cycle. If WE goes LOW after CAS goes 
LOW and data reaches the output pins, data o ut (Q ) is 
activated and retains the selected cell data as long as CAS and 
OE remain LOW (regardless of WE or RAS). This late WE 
pulse results in a READ- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
16 pins using common I/O, and pin direction is controlled 
by OE , WEL and WEH . 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (AO -A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column a ddress strobed- 
inby CAS. CAS may be toggled-inby holding RAS LOW and 
strobing-in different colum n add resses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MOD E ope ration. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any RAS 
cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or 
HIDDEN refresh) so that all 1,024 combinations of RAS 
addresses (AO -A9) are executed at least every 16ms, regard- 


less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for ROW 
address control. 

BYTE ACCESS CYCLE 

Th e BY TE WR ITE mod e is de termined by the use of 
WEL and WEH. Enabling WEL will select a lower byte 
WRITE cycle (DQ1-DQ8) while Enabling WEH will select 
an up per byte W RITE cycle (DQ9-DQ16). Enabling both 
WEL and WEH selects a word WRITE cycle. 

The MT4C16260/1 may be viewed as two 256K x 8 
DRAMS that have common input controls, with the ex- 
ception of the WE inputs. Figure 1 illustrates the 
MT4C16260/1 BYTE and WORD WRITE cycles. 

MASKED WRITE ACCESS CYCLE 
(MT4C16261 ONLY) 

Every WRITE access cy cle c an be a MASKED WRITE, 
depending on the state of W E at RA S time . A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ16 inputs at RAS 
time will be written to an internal mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the following WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the inp ut port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ16 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

For NONPERSISTENT MASKED WRITEs, new mask 
data must be supplied each time a MASKED WRITE cycle 
is initiated. 

Figure 2 illustrates the MT4C16261 MASKED WRITE 
operat ion (Note: RA S or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 
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RAS 


WORD WRITE 

\ 


◄ LOWER BYTE WRITE ► 

j \ r 


CAS 

WEL 

WEH 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


STORED 

DATA 

_1_ 

_1_ 

_1_ 

J_ 

J_ 

J_ 

_ 1 _ 

_ 1 _ 

T 

o_ 

o_ 

_0_ 

_ 0 _ 

_ 0 _ 

_0_ 

0 


\ / \ r 


A 



/ \ 

/ 




\ 

/ 





INPUT 

DATA 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 


-> 

-> 


STORED 
DATA 
1_ 

1_ 

£ 

£ 

0_ 

£ 

£ 

0 


ADDRESS 0 


STORED 
DATA 
J_ 

J_ 

0_ 

0_ 

0_ 

Jl_ 

1_ 

0 


INPUT STORED 

DATA DATA 

i > (T 

i > j_ 

i > j_ 

1 > j_ 

i > ji_ 

i > _i_ 

i > 

1 > \T 

x > [T 

X > J_ 

X > 0_ 

x > _o_ 

X > J_ 

X > _£ 

X > J_ 

x > [T 

ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


Figure 1 

MT4C1 6260/1 WORD AND BYTE WRITE EXAMPLE 
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^ MAQKFn WRITP 

^ MOMMA^I/rn XA/DITF’ ^ 

^ MAolNtU Will 1 t ► 

^ INUINIvlAoMlU WHI 1 1 ^ 


\ / \ r 


CAS 


\ 


WEL 


\ 




r 


mum 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


STORED MASK 

INPUT 

STORED 

STORED MASK 

INPUT 

STORED 

DATA DATA 


DATA 

DATA DATA 

DATA 

DATA 


i 

X 

0 

-> 

0 



1 

1 

1 — 

---> 

1 




X 

0 

->• 

0 



0 

1 

1 — 

---> 
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Figure 2 
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TRUTH TABLE: MT4C1 6260/1 


FUNCTION 

MS' 

east 

WET 

WEH 

w 

ADDRESSES 

DQs 

NOTES 

*R 

•c 

Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

3 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

3 

WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

3 

READ-WRITE 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1,3 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H— L 

L 

L 

X 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H-L 

L 

L 

X 

n/a 

COL 

Data In 

1,3 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

H-L 

L— H 

ROW 

COL 

Data Out, Data In 

1,3 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,3 

HIDDEN 

REFRESH 

READ 

L-+H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,2, 3 

RAS-ONLY 

REFRESH 

L 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

H 

H 

X 

X 

X 

High-Z 



NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Data In will be dependent on the mask provided (MT4C1 6261 only). Refer to figure 2. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) . -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1 ) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0 V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (lout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ± 10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

140 

130 

120 

mA 

3, 4, 30 

OPERATING CURRENT: FAST-PAGE-MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN); l CP, *ASC = 10ns) 

ICC4 

100 

90 

80 

mA 

3, 4, 30 

REFRESH CURRENT: HAS ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: 'RC = 'RC (MIN)) 

ICC5 

140 

130 

120 

mA 

3, 30 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = 'RC (MIN)) 

ICC6 

140 

130 

120 

i 

mA 

3 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


5 

PF 

2 

Input Capacitance: RAS, CAS, WEL, WEH, OE 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11,12, 1 3) (0°C < T A < +70°C; Vcc = 5V ± 1 0%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-WRITE cycle time 

l RWC 

180 


200 


245 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

*PC 

45 


50 


55 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

tPRWC 

95 


100 


110 


ns 


Access time from RAS 

’RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


25 

ns 

15 

Output Enable time 

x OE 


20 


20 


25 

ns 


Access time from column address 

’AA 


35 


40 


45 

ns 


Access time from CAS precharge 

•CPA 


40 


45 


55 

ns 


RAS pulse width 

'RAS 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


25 


ns 


RAS precharge time 

'RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


CAS hold time 

*CSH 

70 


80 


100 


ns 


CAS precharge time 

K32M 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

■ 

10 


10 


10 


ns 


RAS to CAS delay time 


20 

50 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

MHz 

10 


10 


10 


ns 


Row address setup time 

BHI 

0 


0 


0 


ns 


Row address hold time 

■2331 

10 


10 


15 


ns 


RAS to column 
address delay time 



35 

15 

40 

20 

55 

ns 

18 

Column address setup time 


0 


0 


0 


ns 


Column address hold time 


15 


15 


20 


ns 


Column address hold time 
(referenced to RAS) 




60 


75 • 


ns 




HHf 


40 


55 


ns 




0 


0 


0 


ns 

26 

Read command hold time 
(referenced to CAS) 




0 


0 


ns 

19, 26 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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MT4C1 6260/1 
256Kx 16 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vco = 5V ± 1 0%) 


AC CHARACTERISTICS 


-7 _ 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

15 

0 

15 

0 

20 

ns 

20, 29 

Output disable time 

*OD 


15 


15 


20 

ns 

29 

Write command setup time 

1 WCS 

0 


0 


0 


ns 

21,26 

Write command hold time 

*WCH 

15 


15 


20 


ns 

26 

Write command hold time 
(referenced to RAS) 

l WCR 

55 


60 


75 


ns 

26 

Write command pulse width 

*WP 

10 


10 


20 


ns 

26 

Write command to RAS lead time 

*RWL 

20 


20 


25 


ns 

26 

Write command to CAS lead time 

•CWL 

20 


20 


25 


ns 

26 

Data-in setup time 

CO 

p 

0 


0 


0 


ns 

22 

Data-in hold time 

t DH 

15 


15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

4 DHR 

55 


60 


75 


ns 


RAS to WE delay time 

‘RWD 

95 


105 


135 


ns 

21 

Column address 
to WE delay time 

‘AWD 

60 


65 


80 


ns 

21 

CAS to WE delay time 

l CWD 

45 


45 


60 


ns 

21 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

'REF 


16 


16 


16 

ms 

28 

RAS to CAS precharge time 


10 


10 


10 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

■9 

10 


10 


10 


ns 

5 

CAS hold time 

(UAS-BEFORE-RAS refresh) 


10 


10 


10 


ns 

5 

MASKED WRITE command to RAS 
setup time 


0 


0 


o 


ns 

26, 27 

WE hold time (MASKED WRITE 
and CAS-BEFORE-RAS refresh) 


10 


10 


15 


ns 

26 

Mask data to RAS setup time 

•MS 

0 


0 


0 


ns 

26, 27 

Mask data to RAS hold time 


10 


10 


10 


ns 

26, 27 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OEH 

20 


20 


25 


ns 

28 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 


0 


0 


0 


ns 


Last CAS going low to first CAS to 
return high 


10 


10 


10 


ns 


WE setup time 
(CAS-BEFORE-RAS refresh) 


10 


10 


10 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of IOOjlis is required after power-up 
followed by 8 RAS refresh cycles (RAS -ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the t RAF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gate and 
lOOpF. 

14. Assumes that *RCD < *RCD (max). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAG 

18. Operation within the *RAD limit ensures that *RCD 
(MAX) can be met. t RAD (MAX) is specified as a 
reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 


20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition, not a reference to 
Voh or Vol. 

21. HVCS, l RWD, *AWD and *CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIFY-WRITE cycles only. If *WCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions are met, the state of Q (at access time and 
until CAS goes back to Vih) is indeterminate. WE 
determines either EARLY-WRITE (WCS), LATE- 
WRITE (RWD, AWD and CWD) or an indeterminate 
(WCS or RWD, AWD and CWD not met) cycle when 
WE goes LOW in reference to CAS going LOW. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE or READ- 
MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as either WEL or WEH or 
both going LOW. 

27. MT4C16261 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once l OD or *OFF 
occur. If CAS goes HIGH fir st, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 

30. Column address changed once while RAS = Vil and 
CAS = Vih. 
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READ CYCLE 



EARLY-WRITE CYCLE 



Y/A DON’T CARE 
jjjjjjj UNDEFINED 


NOTE: 1 . Applies to MT4C1 6261 only; WEL, WEH and DQ inputs on M T4C1 6260 are “don’t care” at RAS time. 

WE selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a 
normal WRITE, with WE HIGH at R AS tim e. The DQ inputs provide the mask data at RAS time for a 
MASKED WRITE, with WE LOW at MS time. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 





D 

m 


o 

J3 

> 


FAST-PAGE-MODE READ CYCLE 



40TE: 1 . Applies to MT4C16261 only; WEL, WEH and DQ inputs on MT4C1 6260 are “don’t care” at RAS time. 

WE selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inpu ts are “don’t care” for a 
normal WRITE, with WE HIGH at R AS tim e. The DQ inputs provide the mask data at RAS time for a 
MASKED WRITE, with WE LOW at RAS time. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1. App lies to MT4C16261 only; WEL, WEH and DQ inputs on M T4C 1 6260 are “don’t care” at RAS time. 

WE selects between normal WRI TE an d MASKED WRITE at RAS time. The DQ inp uts are “don’t care” for a 
normal WRITE, with W E HI GH at R AS tim e. The DQ inputs provide the mask data at RAS time for a 
MASKED WRITE, with WE LOW at RAS time. 
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MAS-ONLY REFRESH CYCLE 

(ADDR = AO-A9„OE; WEL and WEH = DON'T CARE) 



>RC 

<RAS 

•RP 

: 5 


A 


t *CRP 


jggs.| 


i *ASR 

*RAH 

vZ7 





i ROW 



DQ Vql _ OPEN 

SAS-BEFORE-RAS refresh cycle 

(A0-A9, and OE = DON'T CARE) 



HIDDEN REFRESH CYCLE 24 

( WEL, WEH = HIGH; OE=LOW) 


(READ) 


(REFRESH) 
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DRAM 


1 MEG x 16 DRAM § 

5.0V FAST PAGE MODE (MT4C1 M16CX) < 

3.0/3.3V, FAST PAGE MODE (MT4LC1 Ml 6CX) mm 


FEATURES 

• Industry standard xl 6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V only or +3.Q/+3.3V only ±10% power 
supply 

• Low power, 5mW standby; 500mW active, typical (5V) 

• All device pins are fully TTL compatible 

• 1,024 cycle refr esh in 16ms ( 10 row s and 10 colum ns) 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Optional FAST PAGE MODE access cycle 

• BYTE WRITE access cycle 

• BYTE READ access cycle (MT4C1M16C3/5 only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1M16C5/7 only) 


OPTIONS 

MARKING 

• Timing 


60ns access 

- 6 

70ns access 

- 7 

80ns access 

-8 

• Power Supply 


+5V ±10% only 

4C 

+3.0/3.3V ±10% only 

4LC 

• Refresh Rate 


1,024 Rows 

None 

4,096 Rows 

Contact Factory 

• Write Cycle Access 


BYTE or WORD via CAS 

16C3 

(non-maskable) 


BYTE or WORD via CAS 

16C5 

(maskable) 


BYTE or WORD via WE 

16C6 

(non-maskable) 


BYTE or WORD via WE 

16C7 

(maskable) 


• Packages 


Plastic SOJ (400 mil) 

DJ 

Plastic TSOP (400 mil) 

TG 


• Part Number Example: MT4C1M16C3DJ-7 

NOTE: Available in die form. Please consult factory for die data sheets. 



GENERAL DESCRIPTION 

The MT4C1M16CX and MT4LC1M16CX are randomly 
accessed solid-state memories containing 16,777,216 bits 
organized in a xl6 configuration. The MT4C1M16CX and 
the MT4LC1M16CX are the same DRAM versions except 
that the MT4LC1M16CX is the low voltage version of 
MT4C1M16CX. The MT4LC1M16CX isdesigned to operate 
in either a 3.0V ±10% or a 3.3V ±10% memory system. All 
further references made for the MT4C1M16CX also apply to 
the MT4LC1M16CX, unless specifically state otherwise. 
The MT4C1M16C6 and MT4C1M16C7 have both BYTE 
WRITE and WORD WRITE access cycles via two write 
enable pins. The MT4C1M16C3 and MT4C1M16C5 have 
both B YTE WRITE and WORD WRITE access cycles via two 
CAS pins. The MT4C1M16C5 and MT4C1M16C7 are also 
able to perform WRITE-PER-BIT accesses. 
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The MT4C1M16C3 and MT4C1M16C6 function in the 
sam e mann er e xcept th at WEL and WEH on MT4C1M16C6 
and CASL and CASH on MT4C1M16C3 control the selec- 
tion of BYTE WRITE acces s cyc les. WEL and WEH fu nction 
in an identical manner to WE in that either WEL or WEH 
will generate an internal WE. CASL and CASH function in 
an identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 

The MT4C1M16C6 "WE" function and timing are deter- 
mined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH . Use o f only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8), 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 


The MT4C1M1 6C3 "CAS" fu n ction ari d timing are deter- 
mined by the first CAS ( CASL or CASH) to transition LOW 
and the last to transition back HIGH. Use of only one of the 
two results in a BYTE WRITE cycle. CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper b yte (DQ 9 -DQ16) . BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C1M16C3. 

The MT4C1M16C5 and MT4C1M16C7 function in the 
same manner as MT4C1M16C3 and MT4C1M16C6, respec- 
tively; and they have NONPERSISTENT MASKED WRITE 
cycle capabilities. This option allows the MT4C1M16C5 and 
MT4C1M16C7 to operate with either normal WRITE cycles 
or NONPERSISTENT MASKED WRITE cycles. 


FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


SOJ 

PINS 

TSOP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

18 

MS 

Input 

ROW Address Strobe: RAS is used to latch-in the 10 row- 
address bits and strobe the WE and DQs on the MASKED 
WRITE option (MT4C1M16C5 and MT4C1M16C7 only). 

30 

34 

CAS/ CASH 

Input 

Column Address Strobe: CAS (MT4C1 M16C6/7) is used to 
latch-in the 10 column-address bits, enable the DRAM 
output buffers, and strobe the data inputs on WRITE cycles 
CAS controls DQ1 through DQ16. 

Column Address Strobe Upper Byte: CASH (MT4C1M16C3/ 

5) is the CAS control for DQ9 through DQ1 6. The DQs for the 
byte not being accessed will remain in a High-Z (high 
impedance) state during either a READ or a WRITE access 
cycle. 

29 

33 

OE 

Input 

Output Enable: OE enables the output buffers when taken 

LOW during a READ access cycle. RAS and CAS 
(MT4C1 Ml 6C6/7) or CASL / CASH (MT4C1 Ml 6C3/5) must 
be LOW and WEL/ WEH (MT4C1M16C6/7) or WE 
(MT4C1 M16C3/5) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

13 

17 

WEH/WE 

Input 

Write Enable Upper Byte: WEH (MT4C1 M16C6/7) is WE 
control for the DQ9 through DQ16 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT4C1 Ml 6C7, then it is also a 
MASKED WRITE cycle. The DQs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C1M16C3/5) controls DQ1 through 
DQ1 6 inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C1M16C5/7 also use WE to enable the MASK 
register during RAS time. 

12 

16 

WELVNC 

Input 

Write Enable Lower Byte: WEL (MT4C1M16C6/7) is the WE 
control for DQ1 through DQ8 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C1 M16C3, then it is also a MASKED WRITE cycle. 

The DQs for the byte not being written will remain in a High- 
Z state (BYTE WRITE cycle only). 

31 

35 

NC/CASL 

Input 

Column Address Strobe Lower Byte: CASL (MT4C1M16C3/ 

5) is the CAS control for DQ1 through DQ8. The DQs for the 
byte not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

17-20, 

23-28 

21-24, 

27-32 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL / CASH) to select one 1 6-bit word 
(or 8-bit byte) out of the 1 Meg available words. 
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PIN DESCRIPTIONS (continued) 


SOJ 

PINS 

TSOP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

2-5, 7-10, 
33-36, 

38-41 

2-5,7-10, 

41-44, 

46-49 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed 
by using WEL/ WEH (MT4C1M16C6/7) or CASL/^ASR 
(MT4C1M16C3/7) to select the byte to be written. For READ 
access cycles, DQ1-DQ16 act as outputs for the addressed 
DRAM location. All sixteen I/Os are active for READ cycles 
(MT4C1 M16C6/7). The MT4C1 Ml 6C3/5 allow for BYTE 

READ cycles. 

11,15, 16, 30-32 

11,15, 36, 40 

NC 

> 

No Connect: These pins should be left either unconnected or 
tied to ground. 

1,6,21 

1 , 6, 25 

Vcc 

Supply 

Power Supply: +5V ±1 0% (C) or 3.0/3.3V ±1 0% (LC) 

22,37,42 

26, 45, 50 

Vss 

Supply 

Ground 


MT4(L)C1M16CX 
R£V. 4/92 


2-232 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 




ADVANCE 


MICRON 

H TECHNOLOGY, INC. 


MT4(L)C1M16CX 
1 MEG x 16 DRAM 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 20 address 
bits during READ or WRIT E cycles. These are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. 

The CAS contro l also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ- WRITE) once RAS goes L OW. The 
MT4C1M16C6 and MT4C1M16C7 each have one CAS con- 
trol while the MT4C1M16C3 and MT4C1M16C5 have two: 
CASL and CA SH . 

The CASL and CASH inputs internally generate a CAS 
signal functioning in an identical manner to the single 
CAS input on the other 1 Meg x 16 DRAMs. The key 
difference is each CAS controls its co rresponding DQ tri- 
state logic (in conjuncti on with OE and WE). CASL controls 
DQ1 through DQ8, and CASH controls DQ9 through DQ16. 

The MT4C1M16C3 a nd MT4C1M 16 C5 "CA S" function is 
determined by the first CAS (CASL or CASH ) to transition 
LOW and the last one to transition back HIGH. The two 
ZAS controls give the MT4C1M16C3 and MT4C1M16C5 
10 th BYTE READ and BYTE WRITE cycle capabilities. 

READ or WRITE cycles on the MT4C1M16C3 or 
V1T4C1M16C5 are selected with the WE input while either 
AfEL or WEH perform the "WE" on the MT4C1M16C6 or 
VTF4C1M16C7. The MT4C1M16C6 and MT4C1M16C7 
'WE" function is determined by the first BYTE WRITE 
WEL or WEH) to transition LOW and the last one to 
ransition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
X)W on WE dictates WRITE mode. During a WRIT E cycle, 
lata-in (D) is latched by the falling edge of WE or CAS, 
vhichever occurs last. Taking WE LOW will initiate a 
VRITE cycle, selec ting DQ1 through DQ16. If WE goes 
£>W prior to CAS going LOW, the output pin(s) remain 
>pe n (Hig h- Z) until the next CAS cycle. If WE goes LOW 
fter CAS goes LOW and data reaches the output pins, data 
>u t (Q) i s activated and retains the selected cell data as long 
is CAS and OE remain LOW (regardless of WE or RAS). 
Tiis late WE pulse results in a READ- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed through 
6 pins using common I/O. Pin direction is controlled by 


OE, WEL and WEH (MT4C1M16C6 and MT4C1M16C7) or 
WE (MT4C1M16C3 and MT4C1M16C5). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row address (A0-A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RA S followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates the 
FAST PAGE MODE op eratio n. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also preconditioned for the next cycle during the 
RAS high time. Memory cell data is retained in its co rrect 
state by maintaining power and executing any RAS cycle 
(READ, WRITE, RAS-ONLY, CAS-BEFORE-RAS, or HID- 
DEN refresh) so that all 1024 combinations of RAS ad- 
dresses (A0-A9) are executed at least every 16ms, regard- 
less of sequence. The CAS-BEFORE-RAS refresh cycle will 
also invoke the refresh counter and controller for ROW 
address control. 

BYTE ACCESS CYCLE 

The BYTE WRITE mode is determined by the use of 
WEL and WEH or CASL and CASH. Enabling WEL/ 
CASL will select a lower BYTE WRITE cycle (DQ1-DQ8). 
Enabling WEH or CASH will select an upper BYTE WRITE 
cycle (DQ9-DQ16). Enablingboth WEL and WEH or CASL 
and CASH selects a WORD WRITE cycle. 

The MT4C1M16C3, MT4C1M16C5, MT4C1M16C6 and 
MT4C1M16C7 maybe viewed as two 1 Meg x 8 DRAMs that 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the MT4C1M16C6 
BYTE WRITE and WORD WRITE cycles and Figure 2 
illustrates the MT4C1M16C3 BYTE WRITE and WORD 
WRITE cycles. 

The MT4C1M16C3 also has BYTE READ and WORD 
READ cycles, since it uses two CAS inputs to control its 
byte accesses. Figure 3 illustrates the MT4C1M16C3 BYTE 
READ and WORD READ cycles. 
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MASKED WRITE ACCESS CYCLE (MT4C1M16C5/7 
Only) 

The MASKED WRITE mode control input selects normal 
WRITE access or MASKED WRITE access cycles. Every 
WRITE access c ycle ca n be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C1M16C3 and 
MT4C1M16C6 do not have the MASKED WRITE cycle 
function. 

Th e data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 


I < WORD WRITE 

RAS \ 


bit is disabled during the following WRITE operation and 
no new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ- 
ous cycle's mask was the same. 

Figure 4 illustrates the MT4C1M16C7 MASKED WRITE 
operation and Figure 5 illustrates the MT4C1M16C5 
MASKED WRITE operation. 


I ◄ — LOWER BYTE WRITE ► 

j \ r 


\ / \ 





WFL \ 

/ \ 

/ 




WEH \ 

/ 





LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


STORED 

DATA 

_1_ 

J_ 

J_ 

J_ 

J_ 

_ 1 _ 

J_ 

T 

_o_ 

_0_ 

_0_ 

_ 0 _ 

_ 0 _ 

_ 0 _ 

0 


INPUT 

DATA 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 


STORED 

DATA 

> Cl 

> j_ 

> _2_ 

> _0 
> _0 

> J_ 

> J_ 

> 0 


STORED 

DATA 

j_ 

J_ 

0_ 

0_ 

0_ 

J_ 

Jl_ 

0 


INPUT STORED 

DATA DATA 

i > PT 

i > 

i j_ 

i > j_ 

i 

i > j_ 

i > 

i > |T 

x — > pr 

X > J_ 

X ---> _0_ 

x > _o_ 

X > _1_ 

X > _0_ 

X > J_ 

X > 0 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


Figure 1 

MT4C1M16C6/7 WORD AND BYTE WRITE EXAMPLE 
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RAS 


WORD WRITE ■ 


— LOWER BYTE WRITE 

a r 


CASL 


UPPER BYTE 
(DQ9-DQ1 6) 
OF WORD 


f 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


STORED INPUT 


DATA 

1_ 

1_ 

0_ 

1 _ 

1_ 

1_ 

1 


DATA 

0 -- 
0 -- 
1 -- 
0 -- 
0 -- 
0 - 
0 -- 
0 -- 

X 

X 

X 

X 

X 

X 

X 

X 


INPUT 

DATA 


STORED 

DATA 

-> 

-> 


ADDRESS 0 


X = NOT EFFECTIVE (DON'T CARE) 


STORED 
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_ 0 _ 

_ 0 _ 



_ 0 _ 
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T 



T 

0 



0 

1 



1 
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0 

1 



1 
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1 
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1 

T 



1 


y 





CASH 


/ 


WE \ 

/ v_ 

/ 






INPUT 

DATA 

1 -- 
1 -- 
0 -- 
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1 -- 
1 -- 
1 -- 
1 -- 


INPUT 

DATA 


ADDRESS 1 


Figure 2 

MT4C1M16C3/5 WORD AND BYTE WRITE EXAMPLE 
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WORD READ 
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*- ◄ LOWER BYTE READ 

J \ / 


CASL 

CASH 

WE 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 






\ / 




J 1 


\ / 

\_ 


STORED 
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_1_ 
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J_ 

J_ 
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T 
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Figure 3 

MT4C1M16C3/5 WORD AND BYTE READ EXAMPLE 
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Figure 4 

MT4C1M16C7 MASKED WRITE EXAMPLE 
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Figure 5 

MT4C1M16C5 MASKED WRITE EXAMPLE 
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TRUTH TABLE: MT4C1M16C6/7 


FUNCTION 

RAS 

EAST 

WEL 

WEH 

w 

ADDRESSES 

DQs 

NOTES 

*R 

*C 

Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

3 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

3 

WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

3 

READ-WRITE 

L 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

tom 

PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Data Out 


PAGE-MODE 

WRITE 

1st Cycle 

L 


L 

L 

X 

ROW 

COL 

Data In 


2nd Cycle 

L 


L 

L 

X 

n/a 

COL 

Data In 


PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

H— L 

L-+H 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H-L 

H-L 

H—L 

L-H 

n/a 

COL 

Data Out, Data In 

1,3 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1, 2, 3 

RAS-ONLY 

REFRESH 

L 

H 

H 

H 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

H 

H 

X 

X 

X 

High-Z 




i 

o 

m 

a 

30 

> 


NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Data-in will be dependent on the mask provided (MT4C1 Ml 6C7 only). Refer to Figure 4. 
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MICRON 

m TECHNOLOGY, INC. 


MT4(L)C1 Ml 6CX 
1 MEG x 16 DRAM 


TRUTH TABLE: MT4C1M16C3/5 


FUNCTION 

RAS^ 

CAST 

CASH 

WE 

CE 

ADDRESSES 

DQs 

NOTES 


! c 

Standby 

H 

H-X 

H-X 

X 

X 

X 

X 

High-Z 


READ: WORD 

L 

L 

L 

H 

L 

ROW 

COL 

Data Out 


READ: LOWER BYTE 

L 

L 

H 

H 

L 

ROW 

COL 

Lower Byte, Data Out 
Upper Byte, High-Z 


READ: UPPER BYTE 

L 

H 

L 

H 

L 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

5 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

5 

WRITE: UPPER 

BYTE (EARLY) 

L 

H 

L 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

5 

READ-WRITE 

L 

L 

L 

H-*L 

L— H 

ROW 

COL 

Data Out, Data In 

1,2,5 

PAGE-MODE 

READ 

1 st Cycle 

L 

H->L 

H-L 

H 

L 

ROW 

COL 

Data Out 

2 

2nd Cycle 

L 

H-*L 

H-L 

H 

L 

n/a 

COL 

Data Out 

2 

PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

H-L 

L 

X 

ROW 

COL 

Data In 

1,5 

2nd Cycle 

L 

H-L 

H->L 

L 

X 

n/a 

COL 

Data In 

1,5 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

HH_ 

H->L 

L— H 

ROW 

COL 

Data Out, Data In 

1,2,5 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,2,5 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

L 

ROW 

COL 

Data Out 

2 

WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,3,5 

RAS-ONLY 

REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H-L 

L 

L 

H 

X 

X 

X 

High-Z 

4 


NOTE: 1 . These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 

2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 

3. EARLY-WRITE only. 

4. Only one CAS must be active (CASL or CASH). 

3. Data-in will be dependent on the mask provided (MT4C1 M16C5 only). Refer to Figure 5. 
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ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT4(L)C1 Ml 6CX 
1 MEG x 16 DRAM 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc supply relative to Vss (5V) -IV to +7V 

Voltage on Vcc supply relative to Vss (3V) .... -IV to +4.6V 

Operating Temperature, Ta (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 

(Notes: 1 , 3, 4, 6, 7, 42) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1, 44 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

t*A 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

mA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 

(Notes: 1 , 3, 4, 6, 7, 43) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

2.7 

3.6 

V 

1,44 

input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

mA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

jjA 


OUTPUT LEVELS 

Output High Voltage (Iout = -1 .0mA) 

Output Low Voltage (Iout = 1 .0mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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ADVANCE 


MICRON 

H TECHNOLOGY, INC. 


MT4(L)C1 Ml 6CX 
1 MEG x 16 DRAM 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 


(Notes: 1 , 3, 4, 6,7, 42) (0°C < T A < 70°C; Vcc = 5V ±10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

1 

1 

1 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

170 

160 

140 

mA 

3, 4, 44 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS - Vil, CAS, Address Cycling: t PC = { PC (MIN); 'CP, *ASC = 10ns) 

ICC4 

130 

120 

110 

mA 

3, 4, 44 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = *RC (MIN)) 

ICC5 

170 

160 

140 

mA 

3, 5, 44 

REFRESH CURRENT: CAS-BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

170 

160 

140 

mA 

3,5 


DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 


(Notes: 1,3,4, 6, 7, 43) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

1 

1 

1 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

400 

400 

400 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

130 

120 

100 

mA 

3, 4, 44 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN); 'CP, 'ASC = 10ns) 

ICC4 

90 

80 

70 

mA 

3, 4, 44 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = l RC (MIN)) 

ICC5 

130 

120 

100 

mA 

3, 4, 44 

REFRESH CURRENT: CAS-BEFORE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

130 

120 

100 

mA 

3, 4 
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MICRON 

■ TECHNOLOGY, INC. 


MT4(L)C1 Ml 6CX 
1 MEG x 16 DRAM 


CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 

5 

PF 

2 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE 

Cl2 

7 

pF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13) (0°C < T A < +70°C; Vcc = 5V or 3.0/3.3V ±10%) 


AC CHARACTERISTICS 



6 


7 

- 

8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

X RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

155 

, 

180 


200 


ns 


FAST-PAGE-MODE 

'PC 

35 

; : ■ ; 

40 


40 


ns 

35 

READ or WRITE cycle time 










FAST-PAGE-MODE 

*PRWC 

85 


95 


100 


ns 

35 

READ-WRITE cycle time 










Access time from RAS 

t RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

•CAC 


15 


20 


20 

ns 

15, 33 

Output Enable 

'OE 


15 


15 


15 

ns 

23 

Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

•CPA 


35 


40 


45 

ns 

33 

RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

t RSH 

15 


20 


20 


ns 

40 

RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

•CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

39 

CAS hold time 

•CSH 

60 


70 


80 


ns 

32 

CAS precharge time 

'CPH 

10 


10 


10 


ns 

16, 36 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 

36 

RAS to CAS delay time 

*RCD 

15 

45 

20 

50 

20 

60 

ns 

17,31 

CAS to RAS precharge time 

•CRP 

5 


5 


5 


ns 

32 

Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

*RAH 

10 


10 


10 


ns 


RAS to column 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

•asc 

0 


0 


0 


ns 

31 

Column address hold time 

l CAH 

10 


15 


15 


ns 

31 

Column address hold time 

l AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

l RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

•RCS 

0 


0 


0 


ns 

26, 31 

Read command hold time 

•rch 

0 


0 


0 


ns 

19, 26, 32 

(referenced to CAS) 










Read command hold time 

•rrh 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

•CLZ 

0 


0 


0 


ns 

33 
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MICRON 

H TECHNOLOGY, INC. 


MT4(L)C1 Ml 6CX 
1 MEG x 16 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V or 3.0/3.3V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20, 29, 33 

WE command setup time 

' WCS 

0 


0 


0 


ns 

21,26,31 

Write command hold time 

tWCH 

10 


15 


15 


ns 

26, 40 

Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 

26 

Write command pulse width 

t W p 

10 


15 


15 


ns 

26 

Write command to RAS lead time 

'RWL 

15 


20 


20 


ns 

26 

Write command to CAS lead time 

<CWL 

15 


20 


20 


ns 

26, 32 

Data-in setup time 

'DS 

0 


0 


0 


ns 

22, 33 

Data-in hold time 

'DH 

10 


15 


15 


ns 

22, 33 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 


60 


ns 


RAS to WE delay time 

t RWD 

85 


95 


105 


ns 

21 

Column address 
to WE delay time 

*AWD 

55 


60 


65 


ns 

21 

CAS to WE delay time 

*CWD 

40 


45 


45 


ns 

21,31 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1,024 cycles) 

*REF 


16 


16 


16 

ms 

28 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

5 


5 


5 


ns 

5,31 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

15 


15 


15 


ns 

5, 32 

WE hold time (MASKED WRITE 
and CAS-BEFORE-RAS refresh) 

*WRH 

15 


15 


15 


ns 

26, 27 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 

26 

WE setup time 
(MASKED WRITE) 

'WRS 

10 


10 


10 


ns 

26, 27 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

l ORD 

0 


0 


0 


ns 


Output disable 

'OD 


15 


15 


15 

ns 

29, 41 

UE hold time from WE during 
HIDDEN REFRESH cycle 

'OEH 

15 


15 


15 


ns 

28 

Last CAS going LOW 
to first CAS to return HIGH 

*CLCH 

10 


10 


10 


ns 

34 

Mask data to RAS setup time 

X MS 

0 


0 


0 


ns 

26, 27 

Mask data to RAS setup time 

l MH 

15 


15 


15 


ns 

26, 27 
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ICZROfM 


MT4(L)C1 Ml 6CX 
1 MEG x 16 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V or 3.0/ 3.3V 
±10%; f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of IOOjlis is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the t REF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gate and 
50pF. 

14. Assumes that *RCD < *RCD (MAX). If f RCD is greater 
than the maximum recommended value shown in 
this table, *RAC will increase by the amount that 
*RCD exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the 4 RCD (MAX) limit ensures that 
4 RAC (MAX) can be met. 4 RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the *RAD limit ensures that *RCD 
(MAX) can be met. *RAD (MAX) is specified as a 
reference point only; if t RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

20. kDFF (MAX) defines the time at which the output 
achieves the open circuit condition (not a reference to 
Voh or Vol). 

21. HVCS, *RWD, 4 AWD and <CWD are restrictive 
operating parameters in LATE-WRITE and READ- 
MODIF Y -WRITE cycles only. If *WCS > *WCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), l AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ- WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to Vih) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (O E cont rolled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE and READ- 
MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as either WEL or WEH or 
both going LOW on th e MT 4C1M16C6/7. Write 
command is defined as WE going LOW on the 
MT4C1M16C3/5. 

27. MT4C1M16C5/7 only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once *OD or t OFF 
occur. If CAS goes HIGH first, OE becomes a "do n't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 



| 
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MICRON 

m TECHNOLOGY. INC. 


MT4(L)C1 Ml 6CX 
1 MEG x 16 DRAM 


NOTES (continued) 

30. Notes 31 through 41 apply to MT4C1M16C3/5 only 

(*)• 

31. *The firs t C AS x edge to transition LOW. 

32. *The last CASx edge to transition HIGH. 

33. *Output parameter (DQx) is referenced to corre- 
sponding CAS input; DQ1-DQ8 by CASL and DQ9- 
DQ16 by C ASH. 

34. *Last fallin g CAS x edge to first rising CASx edge. 

35. *Last rising CASx edge to next cycle's last rising CASx 
edge. 

36. ’‘‘Last rising CASx edge to first falling CASx edge. 


37. *First DQs controlled by the first CASx to go LOW. 

38. *Last DQs controlled by the last CASx to go HIGH. 

39. *Each CASx must meet minimum pulse width. 

40. *Last CASx to go LOW. 

41. *A11 DQs controlled, regardless CASL and CASH. 

42. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

43. The 3.0/3.3V version is restricted to operate between 

2.7 V and 3.6V only. __ 

44. Column address changed once while RAS = Vil and 
CAS = Vih. 
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MICRON 

i TECHNOLOGY, INC. 


MT4(L)C1M16CX 
1 MEG x 16 DRAM 


READ CYCLE 



EARLY-WRITE CYCLE 



YJA DON’T CARE 
M UNDEFINED 


NOTE: 1 . Applies to MT4C1 M16C5 and MT4C1 Ml 6C7 only. WE selects between n orma l WRIT E and MASKED 

WRITE at RAS time. The DQ in puts a re “don’t care” for a normal WRITE (WE HIGH at RA S time). The DQ 
inputs provide the mask data at RAS time for a MASKED WRITE ( WE LO W at RAS time). WEL, WEH and 
DQ inputs on MT4C1 Ml 6C3 and MT4C1 Ml 6C6 are “don’t care” at RAS time. 
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MT4(L)C1M16CX 
1 MEG x 16 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1 . Applies to MT4G 1 M16C5 and MT4C1 M16C7 only. WE selects between normal WRIT E and MASKED 

WRITE at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ 
inputs provide the mask data at RAS time for a MASKED WRITE ( WE LO W at RAS time). WEL, WEH and 
DQ inputs on MT4C1M16C3 and MT4C1M16C6 are “don’t care” at RAS time. 
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1 MEG x 16 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 





FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1. Applies to MT4C1M16C5 and MT4C1M16C7 only. WE selects between normal WRITE and MASKED 

WRITE at RAS time. The DQ in puts a re “don’t care” for a normal WRITE (WE HIGH at RA S time). The DQ 
inputs provide the mask data at RAS time for a MASKED WRITE ( WE LO W at RAS time). WEL, WEH and 
DQ inputs on MT4C1 Ml 6C3 and MT4C1 Ml 6C6 are “don’t care” at RAS time. 
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EA5-ONLY REFRESH CYCLE 

(ADDR = A0-A9, OE; WEL, WEH or WE = DON’T CARE) 


RAS 

CASL, CASH 
CAS 

ADDR 



JRC 

1 1 Jrp_ 




ROW 


Q 


OPEN- 


CA5-BEF0RE-RAg refresh cycle 

(A0-A9; and OE = DON’T CARE) 



HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 
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MT4(L)C1M16CX S 
1 MEG x 16 DRAM 


DRAM 1 MEG x 16 DRAM 

5.0V SELF REFRESH (MT4C1M16CX S) 
3.0/3.3V, SELF REFRESH (MT4LC1M16CX S) 


FEATURES 

• Self Refresh, ie "Sleep Mode" 

• Industry standard xl6 pinouts, timing, functions 
and packages 

• High-performance, CMOS silicon-gate process 

• Single +5V only or +3.0/ +3.3 V only ±10% power 
supply 

• All device pins are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• Optional FAST PAGE MODE access cycle 

• BYTE WRITE access cycle 

• BYTE READ access cycle (MT4C1M16C3/5 S only) 

• NONPERSISTENT MASKED WRITE access cycle 
(MT4C1M16C5/7 S only) 

• 1,024 cycle refresh in 128ms (10 rows and 10 columns) 

• Low power, 2mW standby; 500mW active, typical (5V) 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Power Supply 

+5V +10% only 

4C 

+3.0/3.3V +10% only 

4LC 

• Refresh Rate 

1,024 Rows 

None 

4,096 Rows 

Contact Factory 


16C3S 


16C5S 


16C6S 


16C7S 


DJ 

Plastic TSOP (400 mil) TG 

• Part Number Example: MT4C1M16C3DJ-7 S 

NOTE: Available in die form. Please consult factory for die data sheets. 


• Write Cycle Access 
BYTE or WORD via CAS 
(non-maskable) 

BYTE or WORD via CAS 
(maskable) __ 

BYTE or WORD via WE 
(non-maskable) 

BYTE or WORD via WE 
(maskable) 

• Packages 

Plastic SOJ (400 mil) 


PIN ASSIGNMENT (Top View) 

42-Pin SOJ 

(Q-7) 


Vcc [_T_ 
DQ1 [ 2 
DQ2 [ 3 
DQ3 C 4 
DQ4 C 5 
Vcc C 6 
DQ5 [ 7 
DQ6 C 8 
DQ7 C 9 
DQ8 C 10 

NC [ 11 

*WEL/NC C 12 
*WEH/WE [ 13 
RAS L 14 
NC C 15 
NC C 16 
AO C 17 
A1 C 18 
A2 C 19 
A3 C 20 
Vcc [ 21 


42 3 Vss 
41 ] DQ16 
40 ] DQ15 
39 3 DQ14 
38 ] DQ13 
37 3 Vss 
36 ] DQ12 
35 3 DQ1 1 
34 ] DQ10 
33 ] DQ9 
32 ] NC 
31 ] NC/CASL* 
30 ] CAS/CASH* 
29 ] OE 
28 ] A9 
27 ] A8 
26 ] A7 
25 3 A6 
24 3 A5 
23 3 A4 
22 3 Vss 


44-Pin TSOP 

(R-6) 


Vcc cc i 
DQ1 CE 2 
DQ2 CL 3 
DQ3 CT 4 
DQ4 CT 5 
Vcc CT 6 
DQ5 cr / 
DQ6 DC 8 
DQ7 CE 9 
DQ8 CC 10 
NC CE 11 


NC cd 


*WEL/NC m 
*WEH/WE cq 
RAS 
NC CC 

nc cr 

AO CC 
A1 CC 
A2 CC 


fX] Vss 
DQ16 
X) D015 
X) 0014 
H I 0013 

I. ) V#B 

I ) ixn? 

J ] 1XJI1 
J J OOH) 

J. l IXX) 
40 D NC 


fXl NC/C ASL* 
Sa§/ca5h* 


m A9 
m A8 


*MT4C1 Ml 6C6/7 S / MT4C1 Ml 6C3/5 S 


GENERAL DESCRIPTION 


The MT4C1M16CX S and MT4LC1M16CX S are 
randomly accessed solid-state memories containing 
16,777,216 bits organized in a xl6 configuration. The 
MT4C1M16CX S and the MT4LC1M16CX S are the same 
DRAM versions except that the MT4LC1M16CX S is the low 
voltage version of MT4C1M16CX S. The MT4LC1M16CX S 
is designed to operate in either a 3.0Y ±10% or a 3.3V ±10% 
memory system. All further references made for the 
MT4C1M16CX S also apply to the MT4LC1M16CX S, 
unless specifically state otherwise. The MT4C1M16C6 S 
and MT4C1M16C7 S have both BYTE WRITE and WORD 
WRITE access cycles via two write enable pins. The 
MT4C1M16C3 S and MT4C1M16C5 S have b oth B YTE 
WRITE and WORD WRITE access cycles via two CAS pins. 


MT4(L)C1M16CX S 
REV. 4/92 


2-251 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW ■ WIDE DRAM 






NEW ■ WIDE DRAM 


ADVANCE 


MICRON 

■ TECHNOLOGY. INC. 


MT4(L)C1M16CX S 
1 MEG x 16 DRAM 


The MT4C1M16C5 S and MT4C1M16C7 S are also able to 
perform WRITE-PER-BIT accesses. 

The MT4C1M16C3 S and MT4C1M16C6 S function in 
the same manner except that WEL and WEH on 
MT4C1M16C6 S and CASL and CASH on MT4C1M16C3S 
control the selection of BYTE WRITE acc ess c ycles. WEL 
and WE H functi on in an identical manner to WE i n that ei ther 
WEL o r WEH will generate an intern al WE . CASL and 
CASH function in an identical manner to CAS in that either 
CASL or CASH will generate an internal CAS. 

The MT4C1M16C 6 S "WE" f u nction and timing are de- 
termined by the first WE (WEL or WEH ) to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8), 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 


The MT4C1M16C3 S "CAS" func ti on and t iming are de- 
termined by the first CAS ( CASL or CASH) to transition 
LOW and the last to transition back HIGH. Use of only one 
of the two results in a BYTE WRITE cycle. CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper b yte (DQ 9 -DQ16) . BYTE READ cycles are achieved 
through CASL or CASH in the same manner during READ 
cycles for the MT4C1M16C3 S. 

The MT4C1M16C5 S and MT4C1M16C7 S function in the 
same manner as MT4C1M16C3 S and MT4C1M16C6 S, 
respectively; and they have NONPERSISTENT MASKED 
WRITE cycle capabilities. This option allows the 
MT4C1M16C5 S and MT4C1M16C7 S to operate with either 
normal WRITE cycles or NONPERSISTENT MASKED 
WRITE cycles. 


FUNCTIONAL BLOCK DIAGRAM 



RAS 
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PIN DESCRIPTIONS 


SOJ 

PINS 

TSOP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

14 

18 

RAS 

Input 

ROW Address Strobe: RAS is used to latch-in the 10 row- 
address bits and strobe the WE and DQs on the MASKED 
WRITE option (MT4C1M16C5 S and MT4C1M16C7 S only). 

30 

34 

CAS/ CASH 

Input 

Column Address Strobe: CAS (MT4C1 M16C6/7 S) is used 
to latch-in the 10 column-address bits, enable the DRAM 
output buffers, and strobe the data inputs on WRITE cycles. 
CAS controls DQ1 through DQ16. 

Column Address Strobe Upper Byte: CASH (MT4C1M16C3/ 

5 S) is the CAS control for DQ9 through DQ1 6. The DQs for 
the byte not being accessed will remain in a High-Z (high 
impedance) state during either a READ ora WRITE access 
cycle. 

29 

33 

C5E 

Input 

Output Enable: OE enables the output buffers when taken 

LOW during a READ access cycle. RAS and CAS 
(MT4C1 Ml 6C6/7 S) or CASL / CASH (MT4C1 Ml 6C3/5 S) 
must be LOW and WEL / WEH (MT4C1 Ml 6C6/7 S) or WE 
(MT4C1 M16C3/5 S) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

13 

17 

WEH/WE 

Input 

Write Enable Upper Byte: WEH (MT4C1M16C6/7 S) is 

WE control for the DQ9 through DQ16 inputs. If WE or 

WEH is LOW, the access is a WRITE cycle. If either WE 
or WEH is LOW at RAS time on MT4C1M16C7 S, then it 
is also a MASKED WRITE cycle. The DQs for the byte not 
being written will remain in a High-Z state (BYTE WRITE 
cycle only). 

Write Enable: WE (MT4C1M16C3/5 S) controls DQ1 
through DQ16 inputs. If WE is LOW, the access is a 

WRITE cycle. The MT4C1M16C5/7 S also use WE to 
enable the MASK register during RAS time. 

12 

16 

WEL/NC 

Input 

Write Enable Lower Byte: WEL (MT4C1 Ml 6C6/7 S) is the 

WE control for DQ1 through DQ8 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C1M16C3 S, then it is also a MASKED WRITE cycle. 
The DQs for the byte not being written will remain in a High- 
Z state (BYTE WRITE cycle only). 

31 

35 

NC/CASL 

Input 

Column Address Strobe Lower Byte: CASL (MT4C1M16C3/ 

5 S) is the CAS control for DQ1 through DQ8. The DQs for 
the byte not being accessed will remain in a High-Z state 
during either a READ or a WRITE access cycle. 

17-20, 

23-28 

21-24, 

27-32 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL / CASH) to select one 1 6-bit word 
(or 8-bit byte) out of the 1 Meg available words. 
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PIN DESCRIPTIONS (continued) 


SOJ 

PINS 

TSOP 

PINS 

SYMBOL 

TYPE 

DESCRIPTION 

2-5, 7-10, 
33-36, 

38-41 

2-5, 7-10, 
41-44, 
46-49 

DQ1-DQ16 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the 
addressed DRAM location. BYTE WRITES can be performed 
by using WEL / WEH (MT4C1 Ml 6C6/7 S) or CASL / CASH 
(MT4C1 Ml 6C3/7 S) to select the byte to be written. For 

READ access cycles, DQ1 -DQ1 6 act as outputs for the 
addressed DRAM location. All sixteen I/Os are active for 

READ cycles (MT4C1M16C6/7 S). The MT4C1M16C3/5 S 
allow for BYTE READ cycles. 

11,15, 16, 30-32 

11, 15, 36, 40 

NC 

- 

No Connect: These pins should be left either unconnected or 
tied to ground. 

1,6, 21 

1,6, 25 

Vcc 

Supply 

Power Supply: +5V ±10% (C) or 3.0/3.3V ±10% (LC) 

22, 37, 42 

26, 45, 50 

Vss 

Supply 

Ground 
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1 MEG x 16 DRAM 


FUNCTIONAL DESCRIPTION 

Each bit is uniquely addressed through the 20 address 
bits during READ or WRITE cycles. These are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS-ONLY) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. The 
MT4C1M16C6 S and MT4C1M16C7 S each have one CAS 
control w hile th e MT4C1M16C3 S and MT4C1M16C5 S 
have t wo: CA SL and CASH. 

The CASL and CASH inputs internally generate a CAS 
signal functioning in an identical manner to the single 
CAS input on the other 1 Meg x 16 DRAMs. The key 
difference is each CAS controls its corresponding DQ 
tristate logic (in conjunction with OE and WE). CASL 
controls DQ1 through DQ8, and CASH controls DQ9 
through DQ16. 

The MT4C1M16C3 S and M T4C1M16C5 S "CAS" 
function is determined by the first CAS (CASL or CASH ) 
to transition LOW and the last one to transition back 
HIGH. The two CAS controls give the MT4C1M16C3 S 
and MT4C1M16C5 S both BYTE READ and BYTE WRITE 
cycle capabilities. 

READ or WRITE cycles on the MT4C1M16C3 S or 
MT4C1M16C5 S are sele cted with the WE input while 
either WEL or WEH perform the "WE" on the 
MT4C1M16C6 S or MT4C1M16C7 S. The MT4C1M16C6 S 
and MT4C1M16C7 S "WE" functio n is determined by the 
first BYTE WRITE (WEL or WEH) to transition LOW and 
the last one to transition back HIGH. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. During a WRITE cycle, 
data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. Taking WE LOW will initiate a 
WRITE cycle, select ing DQ1 through DQ16. If WE goes 
LOW prior to CAS going LOW, the output pin(s) remain 
open (High - Z) until the next CAS cycle. If WE goes LOW 
after CAS goes LOW and data reaches the output pins, 
data out (Q) is activated and retains the selected cell data 
as long as CAS and OE remain LOW (regardless of WE or 
RAS). This late WE pulse results in a RE AD- WRITE cycle. 

The 16 data inputs and 16 data outputs are routed 
through 16 pins using common I/O. Pin direction is con- 
trolled by OE , WEL and WEH (MT4C1M16C6 S 
and MT4C1M16C7 S) or WE (MT4C1M16C3 S and 
MT4C1M16C5 S). 

FAST PAGE MODE operations allow faster data opera- 
tions (READ, WRITE or READ-MODIFY- WRITE) within a 


row address (AO -A9) defined page boundary. The FAST 
PAGE MODE cycle is always initiated with a row address 
strobed-in by RAS followed by a column address strobed- 
in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column a ddres ses, thus executing 
faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby 
level. The chip is also preconditioned for the next cycle 
during the RAS high time. Memory cell data is retained in 
its correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS, or HIDDEN refresh) so that all 1,024 combinations of 
RAS addresses (A0-A9) are executed at least every 128ms, 
regardless of sequence. The CAS-BEFORE-RAS refresh 
cycle will also invoke the refresh counter and controller for 
ROW address control. 

BATTERY BACKUP MODE (BBU) is a CBR refresh 
performed at the extended refresh rate with CMOS input 
levels. This mode provides a very low current, data reten- 
tion c y cle. R AS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

SELF REFRESH is similar to BBU except that the DRAM 
provides its own internal clocking during "SLEEP 
MODE". Thus, an external clock is not required for addi- 
tional power savings and design ease. The SELF REFRESH 
version retains the extended refresh rate of 128ms. 

BYTE ACCESS CYCLE 

The BYTE WRITE mode is determined by the use of 
WEL and WEH or CASL and CASH. Enabling WEL/ 
CASL wi ll selec t a lower BYTE WRITE cycle (DQ1-DQ8). 
Enabling WEH or CASH will select an upper BYTE WRITE 
cycle (DQ9-DQ16). Enablingboth WEL and WEH or CASL 
and CASH selects a WORD WRITE cycle. 

The MT4C1M16C3 S, MT4C1M16C5 S, MT4C1M16C6 S 
and MT4C1M16C7 S may be viewed as two 1 Meg x 8 
DRAMs that have common input controls, with the ex- 
ception of the WE or the CAS inputs. Figure 1 illustrates 
the MT4C1M16C6 S BYTE WRITE and WORD WRITE 
cycles and Figure 2 illustrates the MT4C1M16C3 S BYTE 
WRITE and WORD WRITE cycles. 

The MT4C1M16C3 S also has BYTE READ and WORD 
READ cycles, since it uses two CAS inputs to control its 
byte accesses. Figure 3 illustrates the MT4C1M16C3 S BYTE 
READ and WORD READ cycles. 
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MASKED WRITE ACCESS CYCLE (MT4C1M16C5/7 S 
Only) 

The MASKED WRITE mode control input selects normal 
WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C1M16C3 S and 
MT4C1M16C6 S do not have the MASKED WRITE cycle 
function. 

The data (mask data) present on the DQ1-DQ16 inputs at 
RAS time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 


bit is disabled during the following WRITE operation and 
no new data will be written to that DRAM cell location. A 
HIGH (logic " 1 ") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro- 
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a MASKED 
WRITE cycle is initiated (non-persistent), even if the previ- 
ous cycle's mask was the same. 

Figure 4 illustrates the MT4C1M16C7 S MASKED WRITE 
operation and Figure 5 illustrates the MT4C1M16C5 S 
MASKED WRITE operation. 


WORD WRITE - 


■ LOWER BYTE WRITE 


CAS 

WEL 

WEH 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


STORED 

DATA 

_ 1 _ 

_ 1 _ 

_ 1 _ 

J_ 

1 


INPUT 

DATA 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 


STORED 

DATA 

> IT 

> _o 

> _0 

> _o 

> J_ 

> _ 1 _ 

> 0 


STORED 
DATA 
1_ 

J_ 

0_ 

0_ 

0_ 
i_ 

j_ 

0 



INPUT 

DATA 

1 

1 

1 

1 

1 

1 

1 

1 

X 

X 

X 

X 

X 

X 

X 

X 


STORED 

DATA 

> rr 

> j_ 

> r 

> _ 1 _ 

> 

> _i_ 

> i 


X = NOT EFFECTIVE (DON’T CARE) 


Figure 1 

MT4C1M16C6/7 S WORD AND BYTE WRITE EXAMPLE 
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RAS 


WORD WRITE -► ◄ LOWER BYTE WRITE 

\ / \ / 


CASL \ / \ f 





CASH 

^ \ / 




WE \ 

/ V_ 

/ 






STORED INPUT 


INPUT 


STORED 


STORED 


INPUT INPUT STORED 



DATA DATA DATA DATA 

DATA 



1 

0 > 

0 



0 



1 

0 - > 

0 



0 



0 

1 - - -> 

1 



1 

LOWER BYTE 


1 

o > 

0 



0 

(DQ1-DQ8) 


1 

0 > 

0 



0 

OF WORD 


1 

0 

0 



0 



1 

o -> 

0 



0 



1 

0 > 

_0_ 



_0_ 



T 

X > 1 > 

T 



T 



i 

X > 0 > 

"o~ 



T 

UPPER BYTE 


0 

X > 1 > 

1 



1 

(DQ9-DQ16) 


i 

X > 0 > 

~Q 



0 

OF WORD 


0 

x > 1 > 

1 



1 



0 

x ----- > 1 > 

T 



T 



0 

X > 1 > 

T 



1 



0 

X > 1 > 

T 



T 










DATA 

1 

1 

0 

1 

1 

1 

1 

1 


DATA DATA 

■ --> [T 

> _i_ 

> _o_ 

> j_ 

> j_ 

> j_ 

> j_ 

> i 


X 

X 

X 

X 

X 

X 

X 

X 


> 1 
> _0 

> J_ 

> _o 

> _1_ 

> J_ 

■> J_ 

> T 


ADDRESS 0 

X = NOT EFFECTIVE (DON'T CARE) 


ADDRESS 1 


Figure 2 

MT4C1M16C3/5 S WORD AND BYTE WRITE EXAMPLE 
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RAS 



WORD READ 


LOWER BYTE READ - 


\ / \ f 





CASH 


/ 



WE / 


V 

/ 

v_ 


LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


STORED 

DATA 

J_ 

_1_ 

_0_ 

_ 1 _ 

J_ 

1 


OUTPUT OUTPUT 
DATA DATA 

1 > 1 

1 > 1 

0 > 0 

1 > 1 

1 > 1 

1 > 1 

1 > 1 

-I > 1 


STORED STORED 
DATA DATA 

T1 IT 

_o_ _o_ 

j_ j_ 

j_ _i_ 

J_ JL 

i i 


OUTPUT OUTPUT STORED 
DATA DATA DATA 

1 > 1 rr 

1 > 1 J_ 

0 > 0 _0_ 

1 1 J_ 
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0 
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1 
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1 
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Figure 3 
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RAS 


.CAS 


WEL 


WEH 


MASKED WRITE ► NONMASKED WRITE 



LOWER BYTE 
(DQ1-DQ8) 
OF WORD 


UPPER BYTE 
(DQ9-DQ16) 
OF WORD 


STORED MASK 

INPUT 

STORED 

STORED 

MASK 

INPUT 

STORED 

DATA DATA 


DATA 

DATA 

DATA 

DATA 

DATA 


1 

X 

0 

-> 

0 



1 


1 

1 — 

---> 




1 

X 

o 

-> 

0 



0 


1 

1 — 

-> 

i 



1 

X 

0 

-> 

0 



1 


1 

1 — 

---> 




1 

X 

0 — - 

-> 

0 



0 


1 

1 - 


i 



1 

X 

o ----- 

-> 

0 



1 


1 

0 — - 

---> 

0 



1 

X 

o — 

-> 

_0J 



0 


1 

o -- 

.> 

0 



1 

X 

0 

-> 

0 



1 


0 

o — 

---> 

1 



[Jj 

X 

0 

-> 

0 



_0_ 


1 

0 — 

> 

0 



T 

0 

X 


T 



T 


X 

1 — 

---> 

T 



i 

0 

X 


i 



1 


X 

o -- 

---> 

0 



0 

0 

X 


0 



0 


X 

1 — 


1 



0 

0 

X 


0 



0 


X 

o — 

-> 

J0_ 



0 

1 

o ----- 

-> 

0 



0 


X 

1 — 

...> 

1 



0 

1 

0 

-> 

0 



0 


X 

1 -- 

---> 

1 



0 

1 

1 — 

-> 

1 



1 


X 

o -- 

---> 

0 



0 

1 

1 ..... 

Annnrnn a 

-> 

1 


1/ 

1 


X 

o — 

---> 

0 



^ rtuuncoo i 


X = NOT EFFECTIVE (DON’T CARE) ^ DON'T CARE 


Figure4 

MT4C1M16C7 S MASKED WRITE EXAMPLE 
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NvJNMAorxtU Wnl 1 1 — — ► 
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INPUT 
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1 
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X 
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1 

X 

1 
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1 



1 

1 

o 

-> 

0 



0 

X 
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1 
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X 
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1 

X 
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1 
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0 

X 


1 
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X 
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0 

1 
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-> 

_ 0 _ 
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---> 
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0 

1 

1 — 

-> 

1 
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0 — 

-■— > 

0 
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1 

1 — 
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-> 
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Figure 5 

MT4C1M16C5 S MASKED WRITE EXAMPLE 
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1 MEG x 16 DRAM 


TRUTH TABLE: MT4C1M16C6/7 S 


FUNCTION 

R/RT 


WET 

WEH 

w 

ADDRESSES 

DOs 

NOTES 

*R 


Standby 

H 

H-X 

X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

3 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

L 

H 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

3 

WRITE: UPPER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

3 

READ-WRITE 

L 

L 

H-*L 

H-L 

L— H 

ROW 

COL 

Data Out, Data In 

1,3 

PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

H 

L 

n/a 

COL 

Data Out 


PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

L 

L 

X 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H-L 

L 

L 

X 

n/a 

COL 

Data In 

1,3 

PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

1,3 

2nd Cycle 

L 

H-L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,3 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L—H—L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,2,3 

RAS-ONLY 

REFRESH 

L 

H 

H 

H 

X 

ROW 

n/a 

High-Z 


CAS-BEF0RE-RA5 

REFRESH 

H-L 

L 

H 

H 

X 

X 

X 

High-Z 


BATTERY BACKUP 
REFRESH 

H-L 

L 

H 

H 

X 

X 

X 

High-Z 


SELF REFRESH 

H-L 

L 

H 

H 

X 

X 

X 

High-Z 



NOTE: 1 . These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 

2. EARLY-WRITE only. 

3. Data-in will be dependent on the mask provided (MT4C1 M16C7 S only). Refer to Figure 4. 
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MT4(L)C1M16CX S 
1 MEG x 16 DRAM 


TRUTH TABLE: MT4C1M16C3/5 S 


FUNCTION 

MS' 

CAST 

CASH 

WF 

w 

ADDRESSES 

DQs 

NOTES 

JR 


Standby 

H 

H-X 

H-*X 

X 

X 

X 

X 

High-Z 


READ: WORD 

L 

L 

L 

H 

L 

ROW 

COL 

Data Out 


READ: LOWER BYTE 

L 

L 

H 

H 

L 

ROW 

COL 

Lower Byte, Data Out 
Upper Byte, High-Z 


READ: UPPER BYTE 

L 

H 

L 

H 

L 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data Out 


WRITE: WORD 
(EARLY-WRITE) 

L 

L 

L 

L 

X 

ROW 

COL 

Data In 

5 

WRITE: LOWER 

BYTE (EARLY) 

L 

L 

H 

L 

X 

ROW 

COL 

Lower Byte, Data In 
Upper Byte, High-Z 

5 

WRITE: UPPER 

BYTE (EARLY) 

L 

H 

L 

L 

X 

ROW 

COL 

Lower Byte, High-Z 
Upper Byte, Data In 

5 

READ-WRITE 

L 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 

1,2,5 

PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H-L 

H 

L 

ROW 

COL 

Data Out 

2 

2nd Cycle 

L 

H-L 

H-L 

H 

L 

n/a 

COL 

Data Out 

2 

PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

H-L 

L 

X 

ROW 

COL 

Data In 

1,5 

2nd Cycle 

L 

H-L 

H-L 

L 

X 

n/a 

COL 

Data In 

1,5 

PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

H-*L 

L-H 

ROW 

COL 

Data Out, Data In 

1,2,5 

2nd Cycle 

L 

H-L 

H—L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 

1,2,5 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

L 

ROW 

COL 

Data Out 

2 

WRITE 

L-H-L 

L 

L 

L 

X 

ROW 

COL 

Data In 

1,3,5 

RAS-ONLY 

REFRESH 

L 

H 

H 

X 

X 

ROW 

n/a 

High-Z 


CAS-BEFORE-RAS 

REFRESH 

H— L 

L 

L 

H 

. X' 

X 

X 

High-Z 

4 

BATTERY BACKUP 
REFRESH 

H-L 

L 

L 

H 

X 

X 

X 

High-Z 


SELF REFRESH 

H-L 

L 

L 

H 

X 

X 

X 

High-Z 



NOTE: 1 . These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 

2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 

3. EARLY-WRITE only. 

4. Only one CAS must be active (CASL or CASH). 

3. Data-in will be dependent on the mask provided (MT4C1M16C5 S only). Refer to Figure 5. 
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MT4(L)C1M16CX S 
1 MEG x 16 DRAM 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc supply relative to Vss (5V) -IV to +7V 

Voltage on Vcc supply relative to Vss (3V) ....-IV to +4.6V 

Operating Temperature, Ta (Ambient) . 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation .. 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 

(Notes: 1 , 3, 4, 6, 7, 42) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1,44 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcch-1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

h 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 5.5V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.1 mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 

(Notes: 1, 3, 4, 6, 7, 43) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

2.7 

3.6 

V 

1,44 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.0 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

ll 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled, 0V < Vout < 3.6V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -1 .0mA) 

Output Low Voltage (Iout = 1 .0mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 
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MT4(L)C1 M16CX S 
1 MEG x 16 DRAM 


DC OPERATING SPECIFICATIONS FOR 5V VERSION 


(Notes: 1,3,4, 6, 7, 42) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) (RA5 = CA§ = Vih) 

Icci 

2 

2 

2 

mA 


STANDBY CURRENT: (CMOS) (RAS = CAS = Vcc -0.2V) 

ICC2 

300 

300 

300 

HA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

170 

160 

140 

mA 

3, 4, 44 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = tPC (MIN); l CP, l ASC = 10ns) 

ICC4 

130 

120 

110 

mA 

3, 4, 44 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS=Vih: *RC = *RC (MIN)) 

ICC5 

170 

160 

140 

mA 

3, 5, 44 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

170 

160 

140 | 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = X RAS (MIN) to 

300ns; WE, A0-A1 1 and Din = Vcc - 0.2V (Din may be left open), 

X RC = 125ps (1,024 rows at 125jxs = 128ms) 

ICC7 

400 

400 

400 

mA 

3, 42 

REFRESH CURRENT: SELF 

Average power supply current during SELF refresh: CBR cycle with 

RAS > l RASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; A0-A9 
and Din = Vcc - 0.2V or 0.2V (Din may be left open) 

ICC8 

400 

400 

400 

HA 

5 
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DC OPERATING SPECIFICATIONS FOR 3.0/3.3V VERSION 


(Notes: 1,3,4, 6, 7, 43) (0°C < T A < 70°C; Vcc = 3.0/3.3V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

■8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) (RAS = CAS = Vih) 

Icci 

1 

1 

1 

mA 


STANDBY CURRENT: (CMOS) (RAS = CAS = Vcc -0.2V) 

ICC2 

80 

80 

80 

pA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = l RC (MIN)) 

ICC3 

130 

120 

100 

mA 

3, 4, 44 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN); 'CP, 'ASC = 10ns) 

ICC4 

90 

80 

70 

mA 

3, 4, 44 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

130 

120 

100 

mA 

3, 4, 44 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

130 

120 

100 

mA 

3,4 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = 'RAS (MIN) to 

300ns; WE, A0-A1 1 and Din = Vcc - 0.2V (Din may be left open), 

'RC = 1 25[is (1 ,024 rows at 1 25jns = 1 28ms) 

ICC7 

100 

100 

100 

pA 

3, 42 

REFRESH CURRENT: SELF 

Average power supply current during SELF refresh: CBR cycle with 

RAS > 'RASS (MIN) and CAS held LOW; WE = Vcc - 0,2V; A0-A9 
and Din = Vcc - 0.2V or 0.2V (Din may be left open) 

ICC8 

100 

100 

100 

pA 

5 
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CAPACITANCE 

(Note: 2) 


PARAMETER 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 

5 

PF 

2 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH )/ WE, OE 

Cl2 

7 

PF 

2 

Input/Output Capacitance: DQ 

Cio 

7 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < +70°C; Vcc = 5V or 3.0/3.3V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

<RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

l RWC 

155 


180 


200 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

>PC 

35 


40 


40 


ns 

35 

FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

85 


95 


100 


ns 

35 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15,33 

Output Enable 

{ OE 


15 


15 


15 

ns 

33 

Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


45 

■mu 

33 

RAS pulse width 

•RAS 

60 

100,000 

70 

100,000 

80 

100,000 

■EEH 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

■ 


RAS hold time 

tRSH 

15 


20 


20 



40 

RAS precharge time 

'RP 

40 


50 


60 




CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 


39 

CAS hold time 

'CSH 

60 


70 


80 



32 

CAS precharge time 

klPN 

10 


10 


10 



16, 36 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 



36 

RAS to CAS delay time 

*RCD 

15 

45 

20 

50 

20 

60 

ns 

17, 31 

CAS to RAS precharge time 

*CRP 

5 


5 


5 



32 

Row address setup time 

*ASR 

0 


0 


0 


■E9H 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

15 

35 

15 

40 

Hi 

18 

Column address setup time 

'ASC 

0 


0 

I 

0 


■ 

31 

Column address hold time 

'CAH 

10 


15 


15 


ns 

31 

Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

! ral 

30 


35 


40 


ns 


Read command setup time 

*RCS 

0 


0 


0 


ns 

26, 31 

Read command hold time 
(referenced to CAS) 

l RCH 

0 


0 


0 


ns 

19, 26, 32 

Read command hold time 
(referenced to RAS) 

! rrh 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

tCLZ 

0 


0 


0 


ns 

33 
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MICRON 

1 TECHNOLOGY. INC. 


MT4(L)C1M16CXS 
1 MEG x 16 DRAM 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < +70°C; Vcc = 5V or 3.0/3.3V ±10%) 

AC CHARACTERISTICS I I 


PARAMETER 

Output buffer turn-off delay 

WE command setup time r 


Write command hold time I 



Data-in hold time 


Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1 ,024 cycles) 

RAS to CAS precharge time 
CAS setup time 
(CAS-BEFORE-RAS refresh) 

CAS h old time 

(CAS-BEFORE-RAS refresh) 

WE hold time (MASKED WRITE and 
CAS-BEFORE-RAS refresh) 

WE se tup time 
(CAS-BEFORE-RAS refresh) 

WE setup time 
(MASKED WRITE) 


OE setup prior to RAS during 
HIDDEN REFRESH cycle 


Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 
Last CAS going LOW 
to first CAS to return HIGH 

Mask data to RAS setup time 

Mask data to RAS setup time 

RAS pulse width during 

SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

CAS hold time during 

SELF REFRESH cycle 
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ADVANCE 


MICRON 

B TECHNOLOGY. INC. 


MT4(L)C1M16CX S 
1 MEG x 16 DRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V or 3.0/3.3V 
±10%; f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONLY or 
CBR) before proper device operation is assured. The 
eight RAS cycle wake-up should be repeated any time 
the tREF refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 1 TTL gate and 
50pF. 

14. Assumes that *RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in 
this table, t RAC will increase by the amount that 
t RCD exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the Q buffer, CAS must be pulsed 
HIGH for *CFN. 

17. Operation within the t RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD limit ensures that t RCD 
(MAX) can be met. l RAD (MAX) is specified as a 
reference point only; if l RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition (not a reference to 
Voh or Vol). 

21. hVCS, t RWD, l AWD and *CWD are restrictive 
operating parameters in LATE- WRITE and READ- 
MODIF Y -WRITE cycles only. If ^WCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > tWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS or OE goes back to Vih) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW results in a LATE-WRITE (O E cont rolled) cycle. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

23. Durin g a RE AD cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, LATE-WRITE and READ- 
MODIFY-WRITE operations are not possible. 

24. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

25. All other inputs at Vcc -0.2V. 

26. Write command is defined as either WEL or WEH or 
both going LOW on th e MT 4C1M16C6/7 S. Write 
command is defined as WE going LOW on the 
MT4C1M16C3/5 S. 

27. MT4C1M16C5/7 S only. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQ s open during READ cycles once *OD or *OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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|^IIC=RON 


MT4(L)C1M16CXS 
1 MEG x 16 DRAM 


NOTES (continued) 

30. Notes 31 through 41 apply to MT4C1M16C3/5 S only 

(*)• 

31. *The firs t CAS x edge to transition LOW. 

32. *The last CASx edge to transition HIGH. 

33. ^Output param eter (DQx) is refere nced to corre- 

sponding CAS input; DQ1-DQ8 by CASL and DQ9- 
DQ16by CASH. 

34. *Last falling CASx edge to first rising CASx edge. 

35. *Last rising CASx edge to next cycle's last rising CASx 

edge. __ 

36. *Last rising CASx edge to first fa lling C ASx edge. 

37. *First DQs controlled by the firs t CAS x to go LOW. 

38. *Last DQs c ontrolled by the last CASx to go HIGH. 

39. *Each CASx must meet minimum pulse width. 


40. *Last CASx to go LOW. 

41. *A11 DQs controlled, regardless CASL and CASH. 

42. BBU current is reduced as *RAS is reduced from its 
maximum specification during BBU cycle. 

43. The 5V version is restricted to operate between 4.5 V 
and 5.5V only. 

44. The 3.0/3.3V version is restricted to operate between 
2.7 V and 3.6V only. 

45. Column address changed once while RAS = Vil and 
CAS = Vih. 

46. When exiting the SELF REFRESH mode, a complete 
set of row refreshes must be executed in order to 
ensure the DRAM will be fully refreshed. 
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MT4(L)C1M16CXS 
1 MEG x 16 DRAM 


READ CYCLE 



EARLY-WRITE CYCLE 



Y7A DON’ 1 CARE 

jjjjjjjl UNDEFINED 


NOTE: 1 . Applies to MT4C 1M16C5 S and MT4C1M16C7 S only. WE selects between normal W RITE and MASKED 
WRITE at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW a t RAS time). WEL, WEH and 
DQ inputs on MT4C1M16C3 S and MT4C1M16C6 S are “don’t care” at RAS time. 
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MT4(L)C1M16CX S 
1 MEG x 16 DRAM 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



FAST-PAGE-MODE READ CYCLE 



NOTE: 1. Applies to MT4C1M16C5 S and MT4C1M16C7 S only. WE selects between normal WRITE and MASKED 
WRITE at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW a t RAS time). WEL, WEH and 
DQ inputs on MT4C1M16C3 S and MT4C1M16C6 S are “don’t care” at RAS time. 
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MT4(L)C1M16CX S 
1 MEG x 16 DRAM 


FAST-PAGE-MODE EARLY-WRITE CYCLE 


’RASP | ■ . ’RP 




r — i 

6as V" : " 1 

*CRP 

l-l * CPN r 1 

1 *CSH 

, ’PC 


'CP 1 

1 'rsh 


*CRP 

’RCD 

'CAS, <CLCH~ 

*CP 

'CAS, 'CLCH 


*CAS, 'CLCH 

7 

v -J 










CASH.CASL V| H _ 1 

or CAS V IL - f 




* 

t 

o \ 


’ar 

<RAD 

,‘asc 


'CAH 





'RAL 

r 


ADDR vJl -Iffy 

i .’asr 

‘RAH 




■ ‘ASC 

'CAH 


*ASC 

'CAH 





1 




.... 



[ ROW 

m 

J COLUMN 


m 

COLUMN J 

mm, 

^ COLUMN 

W///////M - 






‘CWL 




1 'CWL 




1 'CWL i 


|JWRS 

’wcs 


’WCH 



'wcs 

, 'WCH ( 



, 'wcs t 

'WCH 


*WRH 



'WP 




'WP 




'WP , 












m 

WM 





*WCR 



7 


'RWL 




’DHR 






1 ’MS 



, _ ’DS 


'dh 


'DS 

L ’DH . 


’ DS r 

1 'DH 










* 1 


DQ v|8l -V///A N0TE1 , 

m 

I VALID DATA • ’ 

W) 

VALID DATA 

m 

VALID DATA ’ 

WMMZZm 


OE 




FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NOTE: 1. Applies to MT4C 1 Ml 6C5 S and MT4C1 Ml 6C7 S only. WE selects between normal W RITE and MASKED 
WRITE at RAS time. The DQ inputs are “don’t care” for a normal WRITE (WE HIGH at RAS time). The DQ 
inputs provide the mask data at RAS time for a MASKED WRITE (WE LOW a t RAS time). WEL, WEH and 
DQ inputs on MT4C1M16C3 S and MT4C1 Ml 6C6 S are “don’t care” at RAS time. 
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MT4(L)C1M16CXS 
1 MEG x 16 DRAM 


CaS-before-ras refresh cycle 

(A0-A9; and OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9; and OE = DON’T CARE) 



SELF REFRESH CYCLE (“SLEEP MODE”) 

(A0-A9; and OE = DON’T CARE) 
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MICRON 
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MT4(L)C1M16CXS 
1 MEG x 16 DRAM 


E7J5-ONLY REFRESH CYCLE 

(ADDR = A0-A9, OE; WEL, WEH or WE = DON’T CARE) 


<RAS 


Jrc 

u i- IBL 


V 



OPEN- 


HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

(READ) (REFRESH) 
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■ TECHNOLOGY. INC. 


DRAM MODULE PRODUCT SELECTION GUIDE 


Memory 

Part 

Optional 

Access 

Power Dissipation 

Package 


Configuration 

Number 

Access Cycle 

Time (ns) 

Standby 

Active 

SIMM 

SIP 

Page 

256K x 8 

MT2D2568 

LP, LV* 

60, 70, 80 

6mW 

350mW 

30 

30 

3-1 

1 Meg x 8 

MT2D18 

LP, LV* 

60, 70, 80 

6mW 

450mW 

30 

30 

3-11 

1 Meg x 8 

MT8D18 

LP 

60, 70, 80 

24mW 

1 ,400mW 

30 

30 

3-21 

4 Meg x 8 

MT2D48 


60, 70, 80 

lOmW 

550mW 

30 

30 

3-31 

4 Meg x 8 

MT8D48 

LP 

60, 70, 80 

24mW 

1,800mW 

30 

30 

3-41 

16 Meg x 8 

MT8D168 


60, 70, 80 

24mW 

2,200mW 

30 

30 

3-51 

256K x 9 

MT3D2569 

LP 

60, 70, 80 

9mW 

625mW 

30 

30 

3-61 

1 Meg x 9 

MT3D19 

LP 

60, 70, 80 

9mW 

625mW 

30 

30 

3-71 

1 Meg x 9 

MT9D19 

LP 

60, 70, 80 

27mW 

1 ,575mW 

30 

30 

3-81 

4 Meg x 9 

MT3D49 


60, 70, 80 

12mW 

775mW 

30 

30 

3-91 

4 Meg x 9 

MT9D49 

LP 

60, 70, 80 

27mW 

2,025mW 

30 

30 

3-101 

16 Meg x 9 

MT9D169 


60, 70, 80 

27mW 

2,475mW 

30 

30 

3-111 

512K x 16 

MT8D25632 

LP, LV* 

60, 70, 80 

24mW 

1 ,400mW 

72 

- 

3-121 

1 Meg x 16 

MT16D51232 

LP, LV* 

60, 70, 80 

48mW 

2,800mW 

72 


3-133 

2 Meg x 16 

MT8D132 

LP, LV* 

60, 70, 80 

24mW 

1 ,800mW 

72 


3-145 

4 Meg x 16 

MT16D232 

LP, LV* 

60, 70, 80 

48mW 

1 ,824mW 

72 


3-157 

8 Meg x 1 6 

MT8D432 


60, 70, 80 

40mW 

2,200mW 

72 


3-169 

16 Meg x 16 

MT16D832 


60, 70, 80 

80mW 

2,240mW 

72 


3-179 

512K x 18 

MT 1 0D25636 


60, 70, 80 

30mW 

1 ,750mW 

72 


3-199 

1 Meg x 18 

MT6D118 


60, 70, 80 

18mW 

1 ,250mW 

72 


3-209 

1 Meg x 1 8 

MT20D51236 


60, 70, 80 

60mW 

1 ,780mW 

72 


3-229 

2 Meg x 18 

MT12D136 

LP 

60, 70, 80 

36mW 

2, 500m W 

72 


3-249 

4 Meg x 18 

MT24D236 

LP 

60, 70, 80 

72mW 

2,536mW 

72 


3-271 

8 Meg x 18 

MT12D436 


60, 70, 80 

52mW 

3,100mW 

72 


3-283 

16 Meg x 18 

MT24D836 


60, 70, 80 

104mW 

3,152mW 

72 


3-293 

256K x 32 

MT8D25632 

LP, LV* 

60, 70, 80 

24mW 

1 ,400mW 

72 


3-121 

51 2K x 32 

MT16D51232 

LP, LV* 

60, 70, 80 

48mW 

1 ,424mW 

72 

- 

3-133 

1 Meg x 32 

MT8D132 

LP, LV* 

60, 70, 80 

24mW 

1,800mW 

72 


3-145 

2 Meg x 32 

MT16D232 

LP, LV* 

60, 70, 80 

48mW 

1 ,824mW 

72 


3-157 

4 Meg x 32 

MT8D432 


60, 70, 80 

40mW 

2,200mW 

72 

- 

3-169 

8 Meg x 32 

MT16D832 


60, 70, 80 

80mW 

2,240mW 

72 


3-179 

256K x 36 

MT9D25636 


60, 70, 80 

27mW 

1 ,575mW 

72 


3-189 

256K x 36 

MT 1 0D25636 


60, 70, 80 

30mW 

1 ,750mW 

72 


3-199 

512K x 36 

MT18D51236 


60, 70, 80 

54mW 

1 ,600mW 

72 


3-219 

51 2K x 36 

MT20D51236 


60, 70, 80 

60mW 

1 ,780mW 

72 


3-229 

1 Meg x 36 

MT9D136 


60, 70, 80 

27mW 

2,175mW 

72 


3-239 

1 Meg x 36 

MT12D136 

LP 

60, 70, 80 

36mW 

2,500mW 

72 


3-249 

2 Meg x 36 

MT18D236 


60, 70, 80 

54mW 

2,052mW 

72 


3-261 

2 Meg x 36 

MT24D236 

LP 

60, 70, 80 

72mW 

2,536mW 

72 

- 

3-271 

4 Meg x 36 

MT12D436 


60, 70, 80 

52mW 

3,100mW 

72 


3-283 

8 Meg x 36 

MT24D836 


60, 70, 80 

104mW 

3,152mW 

72 


3-293 

256K x 40 

MT 1 0D25640 

LP, LV* 

60, 70, 80 

30mW 

1 ,750mW 

72 


3-303 

51 2K x 40 

MT20D51 240 

LP, LV* 

60, 70, 80 

60mW 

1 ,780mW 

72 


3-315 

1 Meg x 40 

MT10D140 

LP, LV* 

60, 70, 80 

30mW 

2,250mW 

72 


3-327 

2 Meg x 40 

MT20D240 

LP, LV* 

60, 70, 80 

60mW 

2,280mW 

72 

- 

3-339 


LP = Low Power, Extended Refresh; LV = Low Voltage 

NOTE: All modules include FAST PAGE MODE cycle. *Contact factory regarding availability of low voltage versions. 
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MT2D2568 
256K x 8 DRAM MODULE 


DRAM 

MODULE 


256K x 8 DRAM 

FAST PAGE MODE (MT2D2568) 

LOW POWER, 

EXTENDED REFRESH (MT2D2568 L) 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
memory module 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• Low power, 6mW (.6mW L-version) standby; 

350m W active, typical 

• All device pins are fully TTL compatible 

• FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Low profile 

• 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

• Low CMOS standby current, 400jxA maximum 
(L-version) 


OPTIONS 

MARKING 

• Timing 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Leadless 30-pin SIMM 

M 

Leaded 30-pin SIP 

N 

• Power/Refresh 

Normal Power/8ms 

Blank 

Low Power/64ms 

L 

• Part Number Example: 

MT2D2568ML-6 


GENERAL DESCRIPTION 

The MT2D2568 is a randomly accessed solid-state mem- 
ory containing 262,144 words organized in a x8 configura- 
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latte r 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic H IGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data-in (D) is latched by the falling 
edge of WE o r CA S, whichever occu rs last . EARLY- WRITE 
occurs when WE goes LOW prior to CAS going LOW, and 
the output pins remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (AQ-A8) 



defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-i n by R AS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level, 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
(64ms on L-version) regardless of sequence. 
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■ DRAM MODULE 


MT2D2568 
256K x 8 DRAM MODULE 



FUNCTIONAL BLOCK DIAGRAM 



A0-A8 


DQ1-DQ4 


DQ5-DQ8 


U1, U2 = MT4C4256DJ 

U1 , U2 = MT4C4256DJ L (L-version) 


TRUTH TABLE 


FUNCTION 

MS 

CAS 

WE 

ADDRESSES 

DATA IN/OUT 

*R 

*c 

DQ1-DQ8 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L" 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H-L 

L 

X 

X 

X 

High-Z 


MT2D2568 
REV. 4/92 


3-2 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 









MT2D2568 
256K x 8 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature ..-55°C to +125°C 

Power Dissipation 2W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 22) (0°C < T A < 70°C; Voc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+-1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

A0-A8, RAS, CAS, WE 

h 

-4 

4 

pA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High (Logic 1 ) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

4 

4 

4 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

2 

2 

2 

mA 

23 

.4 

.4 

.4 

mA 

23, 25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC3 

180 

160 

140 

mA 

2,22 

170 

150 

130 

mA 

2,22,25 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = X PC (MIN)) 

ICC4 

140 

120 

100 

mA 

2, 22 

130 

110 

90 

mA 

2,22,25 

REFRESH CURRENT: RA5-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

180 

160 

140 

mA 

2 

170 

150 

130 

mA 

2, 25 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

180 

160 

140 

mA 

2, 19 

170 

150 

130 

mA 

2,19,25 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = ! RAS (MIN) to 

Ips; WE, A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), l RC = 1 25ps (51 2 rows at 1 25ps = 64ms) 

ICC7 

.4 

.4 

.4 

mA 

25 
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DRAM MODULE 



MT2D2568 
256 K x 8 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


13 

pF 

17 

Input Capacitance: RAS, CAS, WE 

Cl2 


17 

PF 

17 

Input/Output Capacitance: DQ1-DQ8 

Cio 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (0°C S T A < +70°C; Vcc = 5V +10%) 



AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

n/a 


n/a 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 

'PC 

40 


40 


40 


ns 


cycle time 










FAST-PAGE-MODE READ-WRITE 

'PRWC 

n/a 


n/a 


n/a 


n/a 

21 

cycle time 










Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

9 

Output Enable 

l OE 


20 


20 


20 

ns 


Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 


80 


mm 

W 

RAS pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 


■a 


mm 

■ 

RAS hold time 

l RSH 

20 


20 




ra 

B 

RAS precharge time 

*RP 

40 


50 




1 1 

■ ■ 

CAS pulse width 

X CAS 

20 

100,000 

20 


W 

innuMl 

ESI 

MW 

CAS hold time 

'CSH 

60 


70 


mm 


W2W 

w 

CAS precharge time 

*CPN 

10 


10 


WEB 


ia 

mm 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


mm 



Wifl 

RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

WEB 

60 

WHS 

mm 

CAS to RAS precharge time 

'CRP 

5 


5 


5 




Row address setup time 

'ASR 

0 


0 


0 


1 1 

■ 

Row address hold time 

'RAH 

10 


10 


mm 


w 

■■ 

RAS to column 

'RAD 

15 

30 

15 


■ES 



mm 

address delay time 






■fifl 


■ 

HI 

Column address setup time 

'ASC 

0 


0 


0 


w*^$ 

w 

Column address hold time 

l CAH 

15 


15 




W W 

w 

Column address hold time 

*AR 

45 


55 




W 

m 

(referenced to RAS) 








II 

■ 

Column address to 

t RAL 

30 


35 


40 



— 

RAS lead time 








■fl 

w 

Read command setup time 

tRCS 

0 


0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


0 


ns 

14 

(referenced to CAS) 










Read command hold time 

l RRH 

0 


0 




ns 

; 14 

(referenced to RAS) 










CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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MICRON 

■ TECHNOLOGY. INC. 


MT2D2568 
256K x 8 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 1 1, 16, 21) (0°C <T A < +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

' WCS 

0 


0 


0 


ns 


Write command hold time 

'WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

*WP 

10 


15 


15 




Write command to RAS lead time 

l RWL 

20 


20 


20 




Write command to CAS lead time 

! cwl 



20 


20 




Data-in setup time 

l DS 

0 


0 


0 


ns 

mm 

Data-in hold time 

l DH 

mm 


15 




— 1 

mm 

Data-in hold time 
(referenced to RAS) 

t DHR 

m 





■ 


■ 

Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 



BH 

Refresh period (51 2 cycles) 

tREF 


MMM 







RAS to CAS precharge time 

l RPC 

0 


0 


mm 


beb 


CAS setup time 

(CA5-BEFORE-TO5 REFRESH) 

'CSR 

10 




m 

■ 

ns 

19 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

X CHR 

10 


15 


15 


ns 

19 
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■ DRAM MODULE 



NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, 4 RAC will increase by the amount that 4 RCD 
exceeds the value shown. 

9. A ssum es that 4 RCD > 4 RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. 4 OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. 4 RCD (MAX) is specified as 


a reference point only; if t RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by tAC. 

14. Either t RCH or t RRH must be satisfied for a READ 

cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for *CP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1 and U2. 

22. Icc is dependent on cycle rates. 

23. All other inputs at Vcc -0.2V. 

24. Operation within the 4 RAD (MAX) limit ensures that 
4 RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if 4 RAD is greater than the 
specified 4 RAD (MAX) limit, then access time is 
controlled exclusively by 4 A A. 

25. Applies to L-version only. 
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ES5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



cas-before-RAS refresh cycle 

(A0-A8 and WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 25 
(A0-A8 and WE = DON’T CARE) 



[23 DON'T CARE 
TO] UNDEFINED 







MICRON 

■ TECHNOLOGY, INC. 


MT2D18 

1 MEG x 8 DRAM MODULE 


DRAM 

MODULE 


1 MEG x 8 DRAM 

FAST PAGE MODE (MT2D18) 

LOW POWER, 

EXTENDED REFRESH (MT2D18 L) 


FEATURES 

• Industry standard pinout in a 30-pin, single-in-line 
memory module 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• Low power, 6mW (2mW L-version) standby; 

450mW active, typical 

• All device pins are fully TTL compatible 

• FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Low profile 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 

• Low CMOS standby current, 400|iiA maximum 
(L-version) 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Packages 

Leadless 30-pin SIMM 

M 

Leaded 30-pin SIP 

N 

• Power/Refresh 

Normal power/ 16ms 

Blank 

Low power/ 128ms 

L 

• Part Number Example: 

MT2D18ML-6 


GENERAL DESCRIPTION 

The MT2D18 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS> whichever occurs last. Early 
WRITE occurs when WE goes LOW prior to CAS going 
LO W, and the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 



defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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EARLY-WRITE 

FAST-PAGE-MODE | IstCy 

READ 

FAST-PAGE-MODE 

WRITE | 2nd C 

MS-ONLY REFRESH 
HIDDEN I READ 

REFRESH WRITE 

CAS-BEFORE-MS REFRESH 


BATTERY BACKUP 
REFRESH (L-version) 
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MICRON 

m TECHNOLOGY, INC. 


MT2D18 

1 MEG x 8 DRAM MODULE 


*Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 26) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

A0-A9, RAS, CAS, WE 

ll 

-4 

4 

pA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

4 

4 

4 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

2 

2 

2 

mA 

25 

.4 

.4 

.4 

mA 

25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

220 

200 

180 

mA 

2, 26 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

160 

140 

120 

mA 

2, 26 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = ‘RC (MIN)) 

ICC5 

220 

200 

180 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ! RC = l RC (MIN)) 

ICC6 

220 

200 

180 

mA 

2, 19 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = t RAS (MIN) to 
300ns; WE = Vcc -0.2V; A0-A9 and Din = Vcc - 0.2V or 0.2V 
(Din may be left open), *RC = 125ps (1,024 rows at 125ps = 128ms) 

ICC7 

.6 

.6 

.6 

pA 

27, 28 


ABSOLUTE MAXIMUM Kf TINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) ..0°C to +70°C 

Storage Temperature -55°C to +125°C 

Power Dissipation 2W 

Short Circuit Output Current 50mA 


MT2D18 
REV. 4/92 


3-13 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


■ DRAM MODULE 





■ DRAM MODULE 


MICRON 

I TECHNOLOGY, INC. 


MT2D18 

1 MEG x 8 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


13 

pF 

17 

Input Capacitance: RAS, CAS, WE 

Cl2 


17 

PF 

17 

Input/Output Capacitance: DQ1-DQ8 

Cio 


10 

pF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C <T A < +70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

± 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

•PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

tPRWC 

n/a 


n/a 


n/a 


n/a 

21 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

9 

Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

l RP 

40 


50 


60 


ns 


CAS pulse width 

l CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

*CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 


RAS to CAS delay time 

l RCD 

20 

45 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

l CRP 

10 


10 


10 


ns 


Row address setup time 

4 ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

22 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

*RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

24 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

24 

CAS to output in Low-Z 

tCLZ 

0 


0 


0 


ns 
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MICRON 

■ TECHNOLOGY, INC. 


MT2D18 

1 MEG x8 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 1 1, 16, 21) (0°C < T A < +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 





tm 

m 


Output buffer turn-off delay 

l OFF 

0 

15 

0 


0 

20 


mm 



0 


0 


0 


HK3H 


Write command hold time 

<WCH 

10 


15 






Write command hold time 

l WCR 

45 






ns 


(referenced to RAS) 










Write command pulse width 

l WP 

10 


mm 


m 




Write command to RAS lead time 

*RWL 

15 


20 




WESM 


Write command to CAS lead time 

l CWL 

15 


20 




n 


Data-in setup time 

'DS 

0 


0 


0 


ns 

mm 

Data-in hold time 

*DH 

10 


15 




ns 

mm 

Data-in hold time 

'dhr 

45 








(referenced to RAS) 





MMiil 





Transition time (rise or fall) 

X T 

3 


3 


3 

50 

ns 

Ehid 

Refresh period (1 ,024 cycles) 

'REF 


16/128 


16/128 


16/128 

ms 

3/28 

RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 

teSR 

10 


10 


10 


ns 

19 

(CAS-BEFORE-RAS REFRESH) 










CAS hold time 

l CHR 

15 


15 


15 


ns 

19 

(CAS-BEFORE-RAS REFRESH) 










WE hold time 

! WRH 

10 


10 


10 


ns 

23 

(CAS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

10 


10 


10 


ns 

23 

(CAS-BEFORE-RAS refresh) 










WE hold time 

WTH 

10 


10 


10 


ns 

23 

(WCBR test cycle) 










WE setup time 

WTS 

10 


to 


10 


ns 

23 

(WCBR test cycle) 












D 

30 

> 
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NOTES 

1 . All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the t REF refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

8. Assumes that t RCD < tRCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

9. A ssum es that tRCD > tRCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the l RCD (MAX) limit ensures that 
t RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. t RCH is referenced to the first rising edge of RAS or 
CM 


15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between ViH and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS).__ 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for *CP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1 and U2. 

22. Operation within the t RAD (MAX) limit ensures that 
tRCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

23. hVTS and ^WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of AVRP and *WRH in the 
CBR refresh cycle. 

24. Either tRCH or t RRH must be satisfied for a READ 
cycle. 

25. All other inputs at Vcc -0.2V. 

26. Icc is dependent on cycle rates. 

27. BBU current is reduced as t RAS is reduced from its 
maximum specification during the BBU cycle. 

28. Applies to L-version only. 
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EAS-ONLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CS5-BEFORE-RAS REFRESH CYCLE 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 28 

(A0-A9 = DON’T CARE) 



Y7A DON'T CARE 
[$Sj UNDEFINED 
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HIDDEN REFRESH CYCLE 2 ° 

(WE = HIGH) 


F— l 



l CHR 




m <RAL 

Jasc <cah 


I DON’T CARE 
I UNDEFINED 
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MT8D18 
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DRAM 

MODULE 


1 MEG x 8 DRAM 

FAST PAGE MODE (MT8D18) 

LOW POWER, 

EXTENDED REFRESH (MT8D18L) 


FEATURES 

► Industry standard pinout in a 30-pin single-in-line 
package 

► High-performance, CMOS silicon-gate process 

► Single 5V ±10% power supply 

* Low power, 24mW (2.4mW L- version) standby; 
l,400mW active, typical 

► All device pins are fully TTL compatible 

► Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

1 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

* FAST PAGE MODE access cycle 

* Low CMOS standby current, 1.6mA maximum 
(L-version) 


OPTIONS 

Timing 
60ns access 
70ns access 
80ns access 


MARKING 

- 6 

- 7 

- 8 


Packages 

Leadless 30-pin SIMM M 

Leaded 30-pin SIP N 

Power/Refresh 

Normal Power/ 8ms Blank 

Low Power/ 64ms L 


Part Number Example: MT8D18ML-6 


;eneral description 

The MT8D18 is a randomly accessed solid-state memory 
Dntaining 1,048,576 words organized in a x8 configuration, 
luring READ or WRITE cycles, each word is uniquely 
ddressed through the 20 address bits, which are entered 10 
its (A0-A9) at a time. RAS is used to latch the first 10 bits 
ad CAS the lat ter 1 0 bits. READ or WRITE cycles are 
elected with the WE input. A logic HIGH on WE dictates 
EAD mode while a logic LOW on WE dictates WRITE 
tode. During a WR ITE cycle, data-in (D) is latched by the 
tiling edge of WE or CAS, whichever occurs last. Early 
/RITE occurs when WE goes LOW prior to CAS going 
OW, and the output pins remain open (High-Z) until the 
ext CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
Dns (READ or WRITE) within a row-address (A0-A9) 




defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycles (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms 
(64ms on L-version only), regardless of sequence. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ,.-55°C to +125°C 

Power Dissipation . 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 3, 4, 6, 7) (0°C <T^< 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc-i-1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE: 

Any Input 0V < Vin < Vcc, 

(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

pA 


A0-A9, RAS, WE 

ll 

-16 

16 

pA 


OUTPUT LEAKAGE: 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-8, Q9 

loz 

-10 

10 

PA 


OUTPUT LEVELS 

Output HighVoltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT: (CMOS) 

(MS = CAS = Vcc -0.2 V) 

ICC2 

8 

8 

8 

mA 

23 

1.6 

1.6 

1.6 

mA 

23, 25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: teC = 'RC (MIN)) 

ICC3 

720 

640 

560 

mA 

3,4 

680 

600 

520 

mA 

3, 4, 25 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: teC = 'PC (MIN)) 

ICC4 

560 

480 

400 

mA 

3,4 

520 

440 

360 

mA 

3, 4, 25 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS = Vih: *RC = *RC (MIN)) 

ICC5 

720 

640 

560 

mA 

3 

680 

600 

520 

mA 

3, 25 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: teC = 'RC (MIN)) 

ICC6 

720 

640 

560 

mA 

3,5 

680 

600 

520 

mA 

3, 5, 25 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS_=0.2V or CAS-BEFORE-RAS cycling; RAS = 'RAS (MIN) to 

Ijlis; WE, A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), teC = 125ps (512 rows at 125ps = 64ms) 

ICC7 

1.6 

1.6 

1.6 

mA 

25 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


51 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


67 

pF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 


16 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

’RWC 

n/a 


n/a 


n/a 


n/a 

24 

FAST-PAGE-MODE 

READ or WRITE cycle time 

X PC 

40 


40 


ns 




FAST-PAGE-MODE 

READ-WRITE cycle time 

t PRWC 

n/a 


n/a 


n/a 


n/a 

24 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

l CPA 


35 


40 


45 

ns 


RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

40 

20 

60. 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

45 


55 j 


60 


ns 


Column address to 

RAS lead time 

*RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


o 

. 

0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 

1 

ns 

19 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 1 3) (0°C < T A < 75°C; Vcc = 5V ± 1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 



MAX 



UNITS 

NOTES 

CAS to output in Low-Z 




0 


0 


ns 


Output buffer turn-off delay 

*OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

>WCS 

0 


0 


0 


ns 


Write command hold time 

'WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 






60 


ns 


Write command pulse width 

W P 

10 


15 


15 


ns 




20 


20 


20 


ns 


Write command to CAS lead time 


20 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

21 

Data-in hold time 

WtSSSM 

15 


15 


15 


ns 

21 

Data-in hold time 
(referenced to RAS) 

l DHR 

45 






ns 


Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

9,10 

Refresh period (512 cycles) 

‘REF 







ms 

7/25 

RAS to CAS precharge time 


0 


0 


0 


ns 




10 





■ 

ns 

5 

CAS hold time 

(CAS-BEFORE-lRAS REFRESH) 

‘CHR 

10 


15 


15 


ns 

5 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 


table, t RAC will increase by the amount that l RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for 'CRN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by 4 AA. 

19. Either t RCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ-WRITE or RE AD-MODIF Y - 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. Applies to the L-version only. 
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TOSS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; A9 and WE = DON’T CARE) 



CAS-BEFORE-RAS refresh cycle 

(A0-A9 and WE = DON’T CARE) 



‘RP 

‘RAS 

*RP 

‘RAS 





ras vir _ j 



j 

Jrpc 

^CPN 

‘CSR 

kDHR , 

‘RPC, 

i ‘CSR 





"I 

r 

CAS y;H I 2 

4 > 


; ^ 

L 


DO vg” 0PEN 





BATTERY BACKUP REFRESH CYCLE 25 

(A0-A9 and WE = DON’T CARE) 



L 125ms I 


‘rp 

‘RAS 

‘RP 

‘ras 

1 . 





■ 


RAS v|l / 


{ R p c t CS R 

r ^ 


1 

| ‘CPN 

‘CSR 

‘CHR i 







1 1 


CAS v|f / 



/ 1 


f 


a _ OPEN — 

^ DON’T CARE 

M undefined 


MT8D18 
REV. 4/92 


3-29 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


■ DRAM MODULE 







ADVANCE 


|U|IC=R 


MT2D48 

4 MEG x 8 DRAM MODULE 


DRAM 4 MEG x 8 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin, single-in-line 
memory module 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• Low power, 6mW standby; 550mW active, typical 

• All device pins are fully TTL compatible 

• FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 2,048-cycle refresh distributed across 32ms 

• Low profile 

OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 

• Packages 

Leadless 30-pin SIMM M 

Leaded 30-pin SIP N 

• Part Number Example: MT2D48M-6 


MARKING 

- 6 

- 7 

- 8 


GENERAL DESCRIPTION 

The MT2D48 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 22 address bits, which are entered 11 
bits (A0 -A10) at a time. RA$ is used to latch the first 11 bits 
and CAS the lat ter 1 1 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS 
going LOW, the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (A0-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 



followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executingfaster memory cycles. 
Returning RAS HIGH terminates the FAST-PAGE-MODE 
operations. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (A0-A10) are executed at least every 
32ms, regardless of sequence. The CBR R EFRES H cycle will 
invoke the refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 


RAS 

CAS 

WE 


A0-A10 


Vcc 
Vss 

U1, U2 = MT4C4M4B1 DJ 



DQ1-DQ4 


DQ5-DQ8 


TRUTH TABLE 


FUNCTION 

RA?r 


m 

ADDRESSES 

DATA IN/OUT 

to 

to 

DQ1-DQ8 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Qata Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-*H->L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

HH_ 

L 

H 

X 

X 

High-Z 
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MT2D48 

4 MEG x 8 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) ......... 0°C to +70°C 

Storage Temperature .-55°C to +125°C 

Power Dissipation 2W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

A0-A10, RAS, CAS, WE 

ii 

-4 

4 

pA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

4 

4 

4 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

2 

2 

2 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC3 

240 

200 

180 

mA 

3, 4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil; CAS, Address Cycling: 'PC = { PC (MIN)) 

ICC4 

160 

140 

120 

mA 

3, 4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling; CAS = Vih: tRC = *RC (MIN)) 

ICC5 

240 

200 

180 

mA 

! 

3 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = 'RC (MIN)) 

ICC6 

240 

200 

180 

mA 

3, 5 
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MT2D48 

4 MEG x 8 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 0 

Cn 


13 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


17 

pF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 


10 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13, 22) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

'PC 

40 


40 


45 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

tpRWC 

n/a 


n/a 


n/a 


ns 

22 

READ-WRITE cycle time 










Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


45 

ns 


RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RA5 pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

t RSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

*CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

tCPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

*CAH 

10 


15 


15 


ns 


Column address hold time 

l AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

*RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


o 


0 


ns 


Read command hold time 

t RCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

l RRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

tCLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

tWCS 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-( 

3 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 

l WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

■Qi 

10 


15 


15 


ns 


Write command to RAS lead time 


15 


20 


20 


ns 


Write command to CAS lead time 

■K2ISS 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

21 

Data-in hold time 


10 


15 


15 


ns 

21 

Data-in hold time 




55 

HUH 





(referenced to RAS) 





| HI 





Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048 cycles) 

'REF 


32 


32 


32 



RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

•CSR 

5 


5 


5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

tCHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

tWRH 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE setup time 

WRP 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE hold time 

tWTH 

10 


10 


10 


ns 

24 

(WCBR test cycle) 










WE setup time 

WTS 

10 


10 


10 


ns 

24 

(WCBR test cycle) 
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MICRON 

■ TECHNOLOGY, INC. 


MT2D48 

4 MEG x 8 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH ) befo re proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 


table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

15. A ssum es that l RCD > l RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for 'CFN. 

17. Operation within the tRCD (MAX) limit ensures that 
t RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if f RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the t RAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in E ARLY-WRITE cycles. 

22. OE is tied permanently LOW; LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

24. HV TS an d HVTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of hVRP and HVRH in the 
CBR refresh cycle. 
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ES5-0NLY REFRESH CYCLE 

(AD DR = A0-A10; WE = DON’T CARE) 



*RC 1 

\ 

l RAS 

*RP 



VjH — 

RAS V|L _ 

, <CRP 



tRPC , 






CAS vJl : / 

. ‘asr 

‘RAH 

\_7 



A00R ^ W7Jh 

ROW 

- ~ 


CAS-BEF0RE-RA5 REFRESH CYCLE 

(A0-A10 = DON’T CARE) 



HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 


(READ) (REFRESH) 
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MT8D48 

4 MEG x 8 DRAM MODULE 



DRAM 

MODULE 


4 MEG x 8 DRAM 

FAST PAGE MODE (MT8D48) 

LOW POWER, 

EXTENDED REFRESH (MT8D48 L) 


MATURES 

1 Industry standard pinout in a 30-pin single-in-line 
package 

1 High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
1 All device pins are fully TTL compatible 
Low power, 24mW (8m W L-version) standby; 
l,800mW active, typical 

Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 

FAST PAGE MODE access cycle 

Low CMOS standby current, 1.6mA maximum 

(L-version) 


DPTIONS 

MARKING 

Timing 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

Packages 

Leadless 30 -pin SIMM 

M 

Leaded 30-pin SIP 

N 

Power/Refresh 

Normal Power/ 16ms 

Blank 

Low Power/ 128ms 

L 




Part Number Example: MT8D48ML-6 

GENERAL DESCRIPTION 

The MT8D48 is a randomly accessed solid-state memory 
mtaining 4,194,304 words organized in a x8 configuration, 
during READ or WRITE cycles, each bit is uniquely ad- 
ressed through the 22 address bits which are entered 11 
its (A0-A 10) at a time. RAS is used to latch the first 11 bits 
ad CAS the lat ter 1 1 bits. A READ or WR ITE cycle is 
sleeted with the WE input. A logic HIGH on WE dictates 
EAD mode, while a logic LOW on WE dictates WRITE 
lode. During a WR IT E cycl e, data-in (D) is latched by the 
tiling edge of WE or CAS, whichever occurs last. If WE 
oes LOW prior to CAS going LO W, the output pin(s) 
smain open (High- Z) un til the next CAS cyc le. EA RLY- 
/RITE occurs when WE goes LOW prior to CAS going 
OW, and the ouput remains open (High-Z) until the next 
AS cycle. 


FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least everyl6ms 
(128ms on L-version), regardless of sequence. 


8D48 


3-41 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


DRAM MODULE 






£ DRAM MODULE 












MICRON 
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MT8D48 

4 MEG x 8 DRAM MODULE 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3,4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < 6.5V 
(All other pins not under test = 0V) 

A0-A10, WE, CAS, RAS 

ll 

-16 

16 

pA 


OUTPUT LEAKAGE CURRENT 
(Q is disabled, 0V < Vout < 5.5V) 

DQ1-DQ8 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = ViH) 

leer 

16 

16 

16 

mA 


STANDBY CURRENT: (CMOS) 

(RA5 = CA5 = Vcc -0.2V) 

ICC2 

8 

8 

8 

mA 

23 

1.6 

1.6 

1.6 

mA 

23,26 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC3 

880 

800 

720 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

640 

560 

480 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = *RC (MIN)) 

ICC5 

880 

800 

720 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC6 

880 

800 

720 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = X RAS (MIN) to 
300ns; WE = Vcc -0.2V, A0-A9 and Din = Vcc - 0.2V or 0.2 V (Din 
may be left open), ! RC = 1 25jlls (1 ,024 rows at 125ps = 128ms) 

ICC7 

2.4 

2.4 

2.4 

mA 

26 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 
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CAPACITANCE 


DESCRIPTION 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 

51 

PF 

2 

1 nput Capacitance : RAS, WE 

Cl2 

67 

PF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 

15 

PF 

2 


| ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6,7,8,9,10,11,12,1 3) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

- 7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


n/a 

24 

FAST-PAGE-MODE READ 
or WRITE cycle time 

X PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

l PRWC 

n/a 


n/a 


n/a 


n/a 

24 

Access time from RAS 

t RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

l CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

X CPA 


35 


40 


45 

ns 


RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

tCSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


to 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

! CRP 

10 


10 


10 


ns 


Row address setup time 

*ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

tCAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

tRAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

^LZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'WCS 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


. . . - 

6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

l WCH 

10 


15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

! WP 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

20 


20 


20 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

21 

Data-in hold time 

toH 

10 


15 


15 


ns 

21 

Data-in hold time 

toHR 

45 


55 


60 


ns 


(referenced to RAS) 










Transition time (rise or fall) 

X T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (1 ,024 cycles) 

'REF 


16/128 


16/128 


16/128 

ms 

7/26 

RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 

l CSR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS REFRESH) 










CAS hold time 

X CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS REFRESH) 










WE setup time 

*WRP 

10 


10 


10 


ns 

25 

(CAS-BEFORE-RAS REFRESH) 










WE hold time 

*WRH 

10 


10 


10 


ns 

25 

(CAS-BEFORE-RAS REFRESH) 










WE setup time 

<WTS 

10 


10 


10 


ns 

25 

(WCBR test cycle) 










WE hold time 

t WTH 

10 


10 


10 


ns 

25 

(WCBR test cycle) 
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MT8D48 

4 MEG x 8 DRAM MODULE 



NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONLY 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the *REF refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 


15. A ssum es that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for ‘CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*r!aC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ’CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. t WTS and l WTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of hATRP and *WRH in the 
CBR refresh cycle. 

26. Applies to L-version only. 
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BaS-only refresh cycle 

(ADDR = A0-A9; A10 and WE = DON’T CARE) 



CA5-BEFORE-BA5 REFRESH CYCLE 

(A0-A10 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 26 

(A0-A10 = DON’T CARE) 
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MICRON 

H TECHNOLOGY, INC. 


MT8D168 

16 MEG x 8 DRAM MODULE 


DRAM 16 MEG x 8 DRAM 

MODULE FAST PAGE MODE 


MATURES 

► Industry standard pinout in a 30-pin single-in-line 
package 

► High-performance, CMOS silicon-gate process 
» Single 5V ±10% power supply 

» All device pins are fully TTL compatible 

• Low power, 24mW standby; 2,200mW acti ve, typ ical 

► Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

' 4,096-cycle refresh distributed across 64ms 

• FAST PAGE MODE access cycle 


DPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

-6 

-7 

-8 


Packages 

Leadless 30 -pin SIMM M 

Leaded 30-pin SIP N 


Part Number Example: MT8D168M-6 


GENERAL DESCRIPTION 

The MT8D168 is a randomly accessed solid-state mem- 
»ry containing 16,777,216 words organized in a x8 configu- 
ation. During READ or WRITE cycles, each bit is uniquely 
ddressed through the 24 address bits which are entered 12 
its (A0 -A ll) at a time. RAS is used to latch the first 12 bits 
nd CAS the latter 12| bits. READ or WRITE cycles are 
elected with the WE input. A logic HIGH on WE dictates 
LEAD mode, while a logic LOW on WE dictates WRITE 
lode. During a WR ITE cycle, data-in (D) is lat ched b y the 
ailing edge of CAS. Since WE goes LOW prior to CAS going 
OW, the output pin(s) remain open (High-Z) until the 
ext CAS cycle. 

FAST PAGE MODE allows faster data operations (READ 
r WRITE) within a row-address (A0 -All) defined page 
oundary . The FAST PAGE MODE cycle is always initiated 
rith a row address strobed-in by RAS followed by a col- 
mn address strobed-in by CAS. CAS may be toggled-in by 



holding RAS LOW and strobing-in different column ad- 
dresses, thus executing faster memory cycles. Returning 
RAS HIGH terminates the FA ST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory ^ 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS, or HIDDEN REFRESH) so that all 4,096 combinations 
of RAS addresses (A0 -All) are executed at least every 
64ms, regardless of sequence. The CBR refresh cycle will 
invoke the refresh counter for automatic RAS addressing. 
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MT8D168 

16 MEG x 8 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 



TRUTH TABLE 


FUNCTION 

RA? 

CAST 

WE 

ADDRESSES 

DATA IN/OUT 



DQ1-DQ8 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

1st Cycle 

L 

H-*T_ 

H 

ROW 

COL 

Data Out 

READ 

2nd Cycle 

L 

H—L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

1st Cycle 

L 

H— L 

L 

ROW 

COL 

Data In 

WRITE 

2nd Cycle 

L 

H— L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

REFRESH 

WRITE 

L— H— L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 
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■ TECHNOLOGY. INC. 


MT8D168 

16 MEG x 8 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) .. 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < 6.5V 
(All other pins not under test = 0V) 

A0-A1 1 , WE, CAS, RAS 

ll 

-16 

16 

M A 


OUTPUT LEAKAGE CURRENT 
(Q is disabled, 0V < Vout < 5.5V) 

DQ1-DQ8 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT (TTL) 

(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

8 

8 

8 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

720 

640 

560 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = X PC (MIN)) 

ICC4 

560 

480 

400 

mA 

3,4 

REFRESH CURRENT: RA5-ONLY 

Average power supply current 

(RA5> Cycling, CAS=Vih: *RC = 'RC (MIN)) 

ICC5 

720 

640 

560 

mA 

3 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = ! RC (MIN)) 

ICC6 

720 

640 

560 

mA 

3 
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MT8D168 

16 MEG x 8 DRAM MODULE 


CAPACITANCE 


DESCRIPTION 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 1 

Cm 

51 

PF 

2 

Input Capacitance: RAS, WE, CAS 

Cl2 

67 

PF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 

15 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0 , 1 1 , 1 2 , 1 3) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

6 

- 

7 

- 

8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

l RWC 

n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

'PC 

40 


45 


50 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

l PRWC 

n/a 


n/a 


n/a 


ns 

22 

READ-WRITE cycle time 










Access time from RAS 

l RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 




15 


20 


20 


ns 


RAS precharge time 

l RP 

40 


50 


60 


ns 


CAS pulse width 

{ CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

tCPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 

X AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

*RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

l RRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

•CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

x OPP 

0 

15 

0 

15 

0 

15 

ns 

20 

WE command setup time 

•wcs 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

Notes: 6, 7, 8, 9, 10, 1 1, 12, 13) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 

tWCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

t W p 

10 


15 


15 


ns 


Write command to RAS lead time 

! RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

15 


20 


20 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 

21 

Data-in hold time 

l DH 

10 


15 


15 


ns 

21 

Data-in hold time 

'DHR 

45 


55 


60 


ns 


(referenced to RAS) 










Transition time (rise or fall) 

1 T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (4,096 cycles) 

l REF 


64 


64 


64 

ms 


RAS to CA$ precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

l CSR 

5 


5 


5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

tCHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

l \NRH 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 






. ! 




WE setup time 

*WRP 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE hold time 

tWTH 

10 


10 


10 


ns 

24 

(WCBR test cycle) 










WE setup time 

WTS 

10 


10 


10 


ns 

24 

(WCBR test cycle) 
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MT8D168 

16 MEG x 8 DRAM MODULE 


NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the *REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 


15. Assumes that *RCD > t RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ^PN. 

17. Operation within the *RCD (MAX) limit ensures that 
4 RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by klAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or 4 RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. *WTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). *W RP a nd HVRH 
are setup and hold specifications for the WE pin being 
held HIGH to enable the CBR refresh cycle. 
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16 MEG x 8 DRAM MODULE 


Ras-only refresh cycle 

(ADDR = A0-A10; A1 1 and WE = DON’T CARE) 




‘rc 

\ 

f 

*ras 

*RP 




V|u — - 

RAS vJl _ 

, 'CRP 



'rpc , 






CAS vit? : / 

'asr 

'rah 




ADDR 1///M 

E R0W 3 

mmmmmmm. mum ^ 


DQ 


OPEN- 


CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A1 1 = DON’T CARE) 



HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 
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MT3D2569 
256K x 9 DRAM MODULE 


DRAM 

MODULE 


256K x 9 DRAM 

FAST PAGE MODE (MT3D2569) 

LOW POWER, 

EXTENDED REFRESH (MT3D2569 L) 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
memory module 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• Low power, 9mW (.9mW L-version) standby; 

625mW active, typical 

• All device pins are fully TTL compatible 

• FAST PAGE MODE access c ycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

• Low CMOS standby current, 60|xA maximum 
(L-version) 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

-6 

-7 

-8 


• Packages 

Leadless 30-pin SIMM M 

Leaded 30-pin SIP N 

• Access Mode 

FAST PAGE MODE P 

• Power/Refresh 

Normal Power /8ms Blank 

Low Power/ 64ms L 


• Part Number Example: MT3D2569MPL-6 

GENERAL DESCRIPTION 

The MT3D2569 is a randomly accessed solid-state mem- 
ory containing 262,144 words organized in a x9 configura- 
tion. During READ or WRITE cycles, each word is uniquely 
addressed through the 18 address bits, which are entered 
nine bit s (AO - A8) at a time. RAS is used to latch the first nine 
bits and CAS the l atter nine bits. READ or WRI TE cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY- 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the output pins remain open (High-Z) until the 
next CAS cycle. 



FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (AG-A8) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed- in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms 
(64ms on L-version), regardless of sequence. 
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■ DRAM MODULE 


MT3D2569 
256K x 9 DRAM MODULE 



FUNCTIONAL BLOCK DIAGRAM 


TRUTH TABLE 



or 

U1, U2 = MT4C4256DJ L (L-version) 
U3 = MT4C1024DJ L (L-version) 


FUNCTION 

MS 

in 

| 

| 



■n 

l c 

DQ1-DQ8, D9, Q9 

Standby 

H 

■ 

BBS 

X 

X 

X 

High-Z 

READ 

L 

L 

L 

H 


COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 


H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

BIBB 

H-L 

H 


COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 


H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 


H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Data-In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

L 

x 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

HHL 

H 

L 

X 

X 

X 

High-Z 
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MT3D2569 
256K x 9 DRAM MODULE 



ON 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) ...0°C to +70°C 

Storage Temperature . -55°C to +125°C 

Power Dissipation . 3W 

Short Circuit Output Current 50mA 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 22) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc, 

(All other pins not under test = 0V) 

D9, CAS9 

It 

-2 

2 

pA 


A0-A8, RAS, WE 

It 

-6 

6 

pA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8, Q9 

loz 

-10 

10 

PA 


OUTPUT LEVELS 

Output High (Logic 1 ) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


' -r 

MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

6 

6 

6 

mA 


STANDBY CURRENT: (CMOS) 

(RA5 = CAS = Vcc -0.2V) 

ICC2 

3 

3 

3 

mA 

24 

.6 

.6 

.6 

mA 

24, 26 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

270 

240 

210 

mA 

2,22 

255 

225 

195 

mA 

2,22,26 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = *PC (MIN)) 

ICC4 

210 

180 

150 

mA 

2, 22 

195 

165 

135 

mA 

2,22,26 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = 'RC (MIN)) 

ICC5 

270 

240 

210 

mA 

2 

255 

225 

195 

mA 

2,26 

REFRESH CURRENT : CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC6 

270 

240 

210 

mA 

2, 19 

255 

225 

195 

mA 

2,19,26 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = ! RAS (MIN) to 

Ijis; WE, A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), *RC = 125jjls (512 rows at 125 jlis = 64ms) 

ICC7 

.6 

.6 

.6 

mA 

26 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 
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MT3D2569 
256K x 9 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 




17 

Input Capacitance: RAS, CAS, WE 

Cl2 


25 

pF 


Input Capacitance: D9 

Cl3 


■01 

mm 

mm 

Input/Output Capacitance: DQ1-DQ8 

Cio 


mm 

E* 

■91 

Output Capacitance: Q9 

Co 


mm 

mm 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C <T A < +70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

BB 




WEM 


B 


READ-WRITE cycle time 

*RWC 

B 


BSS 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

l PC 

m 

■ 

m 


45 




PAGE-MODE READ or WRITE 
cycle time 

l PC 

m 




n/a 


ns 


Access time from RAS 

*RAC 


60 


70 


80 

ns 

8 

Access time from CAS (FAST PAGE MODE) 

'CAC 


20 


20 


20 

ns 

9 

Output Enable 

x OE 


20 


20 


20 

ns 


Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

! CPA 


35 


40 


45 

ns 


RAS pulse width 

•RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RA$ precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

24 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

45 


55 


60 


ns 


Column address to 

RAS lead time 

*RAL 

30 


35 


40 


ns 


Read command setup time 

tRCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

X RCH 

0 


0 


0 


ns j 

25 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 

l 

0 


ns 

25 
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MICRON 

■ TECHNOLOGY. INC 


MT3D2569 
256K x 9 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11,16, 21) (0°C <S T A £ +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 , 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

tQFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

■TO Z5gl 

0 


0 


0 


ns 


Write command hold time 

l WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

’WCR 

45 


55 


60 


ns 


Write command pulse width 

t W P 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

20 


20 


20 


ns 


Write command to CAS lead time 

’CWL 

20 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

15 

Data-in hold time 

*DH 

15 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 




ns 


Transition time (rise or fall) 

R* 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

*REF 


8/64 


8/64 


8/64 

ms 

3/26 

RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 

(CAS-BEFORE-T5fi5 REFRESH) 

>CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

tCHR 

10 


15 


15 


ns 

19 
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DRAM MODULE 



NOTES 


1 . 

2 . 

3. 



4. 

5. 

6 . 

7. 

8 . 


All voltages referenced to Vss. 

Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

An initial pause of lO Ops is required after power-up 
followed by any eight RAS cycles bef ore pro per 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

AC characteristics assume *T = 5ns. 

Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 
Measured with a load equivalent to two TTL gates 
and lOOpF. 

Assumes that tRCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 


specified 4 RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. t RCH is referenced to the first rising edge of RAS or 

cas: 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for 'CF. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 


exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 


grounded on U1 andU2. 

22. Icc is dependent on cycle rates. 

23. All other inputs at Vcc -0.2V. 

24. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

25. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

26. Applies to L-version only. 
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MICRON 

H TECHNOLOGY. INC. 


MT3D2569 
256K x 9 DRAM MODULE 


EE5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CA5-BEF0RE-RAS refresh cycle 

(A0-A8 and WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 26 

(A0-A8 and WE = DON’T CARE) 
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ADDR Vi _y 


HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 



DON'T CARE 


UNDEFINED 
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MICRON 

B TECHNOLOGY. INC. 


MT3D19 

1 MEG x 9 DRAM MODULE 


DRAM 

MODULE 


1 MEG x 9 DRAM 

FAST PAGE MODE (MT3D19) 

LOW POWER, 

EXTENDED REFRESH (MT3D19 L) 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
memory module 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• Low power, 9mW (3mW L-version) standby; 

625mW active, typical 

• All device pins are fully TTL compatible 

• FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• Low profile 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 

• Low CMOS standby current, 600pA maximum 
(L-version) 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Packages 

Leadless 30-pin SIMM 

M 

Leaded 30-pin SIP 

N 

• Power /Refresh 

Normal Power/16ms 

Blank 

Low Power/ 128ms 

L 


• Part Number Example: MT3D19ML-6 


GENERAL DESCRIPTION 

The MT3D19 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 addr ess bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR I TE cyc le, data-in (D) is latched by the 
falling edge of WE or CAS , whichever occurs l ast. EA RLY 
WRITE occurs when WE goes LOW prior to CAS going 
LO W, and the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 



defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed- in by RAS 
followed by a column address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column addresses, thus executing faster memory 
cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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MICRON 

1 TECHNOLOGY. INC. 


MT3D19 

1 MEG x 9 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 



U1 , U2 = MT4C4001 JDJ 
U3 = MT4C1024DJ 
or 

U1, U2 = MT4C4001JDJ L (L-version) 
U3 = MT4C1024DJ L (L-version) 


TRUTH TABLE 


FUNCTION 

BA? 

BA? 

CAS9 

WE 

ADDRESSES 

DATA IN/OUT 

*R 


DQ1-DQ8, D9, Q9 

Standby 

H 

H-X 

H—X 

X 

X 

X 

High-Z 

READ 

L 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H— L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

H-L 

L 



Data In 

2nd Cycle 

L 

H-L 

H-L 

L 



Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 


n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

BliSfflil 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

L 



Data In 

CAS-BEFORE-RAS REFRESH 

HHL 

L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H-L 

L 

L 

X 
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MICRON 

W TECHNOLOGY, INC. 


MT3D19 

1 MEG x 9 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature ....-55°C to +125°C 

Power Dissipation 3W 

Short Circuit Output Current .........50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 7, 25) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

pA 


A0-A9, MS, WE 

h 

-6 

6 



OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8, Q9 

loz 



mi 

| | 

OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


3 

■ 

VOL 


0.4 

V 



D 

30 

> 


O 

O 


m 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

6 

6 

6 

mA 


STANDBY CURRENT: (CMOS) 

ICC2 

3 

3 

3 

mA 

26 

(RAS = CAS = Vcc -0.2V) 


.6 

.6 

.6 

mA 

26, 27 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = X HC (MIN)) 

ICC3 

310 

280 

250 

mA 

2, 25 

305 

275 

245 

mA 

2,25,27 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

230 

200 

170 

mA 

2, 25 

225 

195 

165 

mA 

2,25,27 

REFRESH CURRENT: MS-ONLY 

Average power supply current 

(MS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

310 

280 

250 

mA 

2 

305 

275 

245 

mA 

2, 27 

REFRESH CURRENT: MS-BEFORE-MS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = *RC (MIN)) 

ICC6 

310 

280 

250 

mA 

2, 19 

305 

275 

245 

mA 

2,19,27 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 02V or CAS-BEFORE-RAS cycling; RAS - *RAS (MIN) to 
300ns; WE = Vcc -0.2V; A0-A9 and Din = Vcc - 0.2V or 0.2V 
(Din may be left open), *RC = 1 25ps (1 ,024 rows at 1 25ps = 1 28ms) 

ICC7 

.8 

.8 

.8 

mA 

27 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


19 

pF 

17 

Input Capacitance: RAS, CAS, WE 

Cl2 


25 

PF 

”17 

Input Capacitance: D9 

Cl3 


10 

pF 

17 

Input/Output Capacitance: DQ1 -DQ8 

Ci/o 


10 

PF 

17 

Output Capacitance: Q9 

Co 


10 

pF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 1 1 , 16, 21) (0°C < T A < +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

n/a 


n/a 


n/a 


n/a 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

n/a 


n/a 


n/a 


n/a 

21 

Access time from RAS 

'RAC 

60 



70 


80 

ns 

8 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

9 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 


60 


70 


80 


BUR 

3 1 





10 


10 


331 

mm 


'CP 

10 


10 


10 


ns 

3H1 

RAS to CAS delay time 

*RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

l CRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

22 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAR 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 

a::'' . - 

ns 


Column address to 

RAS lead time 

l RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

l RCH 

0 


0 


0 


ns 

24 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

24 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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MT3D19 

1 MEG x 9 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (0°C < T A < +70°C; Vcc = 5V +10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 

— 


PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

toFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

AA/CS 

0 


0 


0 


ns 


Write command hold time 

l \NCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

l WCR 

45 


55 


60 


ns 


Write command pulse width 

iWP 

10 


15 


15 


ns 


Write command to RAS lead time 

t RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

^WL 

15 


2Q 


20 


ns 


Data-in setup time 

{ DS 

0 


0 


0 


ns 

15 

Data-in hold time 

'DH 

10 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

toHR 

45 


55 


60 


ns 


Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

5,16 

Refresh period (1 ,024 cycles) 

*REF 


16/128 


IB 





RAS to CAS precharge time 


0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 


10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

m 

15 


15 


15 


ns 

19 



10 


10 


10 


ns 

23 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 

23 

WE hold time 
(WCBR test cycle) 

A/VTH 

10 


10 




ns 


WE setup time 
(WCBR test cycle) 

tWTS 

10 


10 


10 


ns 

23 
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DRAM MODULE 


MT3D19 

1 MEG x 9 DRAM MODULE 



NOTES 




1 . All voltages referenced to V ss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lO Ops is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the *REF refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If l RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

9. A ssum es that t RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 


14. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the Q buffer, CAS must 
be pulsed HIGH for *CP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1 and U2. 

22. Operation within the *RAD (MAX) limit ensures that 
tRCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

23. *WTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of t WRP and *WRH in the 
CBR refresh cycle. 

24. Either tRCH or t RRH must be satisfied for a READ 
cycle. 

25. Icc is dependent on cycle rates. 

26. All other inputs at Vcc - 0.2V. 

27. Applies to L-version only. 


MT3D19 
REV. 4/92 


3-76 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 




MICRON 

■ TECHNOLOGY. INC. 


MT3D19 

1 MEG x 9 DRAM MODULE 





|U|ICRON 


MT3D19 

1 MEG x 9 DRAM MODULE 







MICRON 

m TECHNOLOGY, INC. 


MT3D19 

1 MEG x 9 DRAM MODULE 




BATTERY BACKUP REFRESH CYCLE 27 

(A0-A9 = DON’T CARE) 
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HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 



(READ) (REFRESH) 



$$ UNDEFINED 
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DRAM 

MODULE 


1 MEG x 9 DRAM 

FAST PAGE MODE (MT9D19) 

LOW POWER, 

EXTENDED REFRESH (MT9D19 L) 


FEATURES 


* Industry standard pinout in a 30-pin single-in-line 
package 

► High-performance, CMOS silicon-gate process 

► Single 5V ±10% power supply 

» All device pins are fully TTL compatible 

* Low power, 27mW (2.7m W L-version) standby; 
l,575mW active, typical 

* Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

' 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

1 FAST PAGE MODE access cycle 
Low CMOS standby current, 1.6mA maximum 
(L-version) 


DPTIONS 

Timing 
60ns access 
70ns access 
80ns access 

Packages 

Leadless 30 -pin SIMM 
Leaded 30-pin SIP 

Power/Refresh 
Normal Power/8ms 
Low Power/ 64ms 


MARKING 

- 6 

- 7 

- 8 


M 

N 


Blank 

L 


Part Number Example: MT9D19ML-6 


GENERAL DESCRIPTION 

The MT9D19 is a randomly accessed solid-state memory 
Dntaining 1,048,576 words organized in a x9 configuration. 
>uring READ or WRITE cycles, each word is uniquely 
ddressed through the 20 ad dress bits, which are entered 10 
its (A0-A9) at a time. RAS is used to latch the first 10 bits 
ad CAS the latter 10 bits. A READ or WRITE cycle is 
elected with the WE input. A logic HIGH on WE dictates 
EAD mode while a logic LOW on WE dictates WRITE 
tode. During a WRITE cycle, data-in (D) is latched by the 
illing edge of WE or CAS , whichever occurs last. EARLY- 
/RITE occurs when WE goes LOW prior to CAS going 
O W, and the output pins remain open (High-Z) until the 
ext CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
ons (READ or WRITE) within a row-address (A0-A9) 




defined page boundary, the FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. C AS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms 
(64ms on L-version), regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 



A0-A9 

RAS 

CAS 

WE 


DQ1 


DQ2 


DQ3 


DQ4 


CAS9 

D9 

Vcc 

Vss 



TRUTH TABLE 


U1-U9 = MT4C1024DJ 

U1-U9 = MT4C1024DJ L (L-version) 


FUNCTION 

RAS 

CAS" 

CAS9 

WE 

ADDRESSES 

DATA IN/OUT 

*R 

•c 

DQ1-DQ8, D9, Q9 

Standby 

H 

H-X 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

L 

X 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H-L 

L 

L 

X 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss .. -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 


(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE: 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

pA 


A0-A9, RAS, WE 

h 

-18 

18 

pA 


OUTPUT LEAKAGE: 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8, Q9 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 




o 

o 


m 



MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

18 

18 

18 

mA 


STANDBY CURRENT: (CMOS) 

ICC2 

9 

9 

9 

mA 

23 

(RAS = CAS = Vcc -0.2V) 


1.8 

1.8 

1.8 

mA 

23, 25 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = X RC (MIN)) 

ICC3 

810 

720 

630 

mA 

3,4 

765 

675 

585 

mA 

3,4,25 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

630 

540 

450 

mA 

3,4 

585 

495 

405 

mA 

3,4,25 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = 'RC (MIN)) 

ICC5 

810 

720 

630 

mA 

3 

765 

675 

585 

mA 

3, 25 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = 'RC (MIN)) 

ICC6 

810 

720 

630 

mA 

3,5 

765 

675 

585 

mA 

3,5,25 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = ! RAS (MIN) to 

Ips; WE, A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), l RC = 125ps (512 rows at 125ps = 64ms) 

ICC7 

1.8 

1.8 

1.8 

mA 

25 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


58 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


76 

pF 

2 

Input Capacitance: D9 

Cl3 


10 

PF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 


15 

pF 

2 

Output Capacitance: Q9 

Co 


10 

pF 

2 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C <T A < 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RG 

110 


130 


150 


ns 


READ-WRITE cycle time 

l RWC 

n/a 


n/a 


n/a 


n/a 

24 

FAST-PAGE-MODE 

READ or WRITE cycle time 

l PC 

40 


40 


40 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

n/a 


n/a 


n/a 


n/a 

24 

Access time from RAS 

*RAC 


60 


70 


80 • 

ns 

14 

Access time from GAS 

•CAC 


20 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


TO5 pulse width (FAST PAGE MODE) 


60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 


20 


20 


20 


ns 


Pfes precharge time 


40 


50 


60 


ns 


CAS pulse width 


20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

kJPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

40 

20 

60 

20 

60 

ns 

17 

CAS to RAS precharge time 


5 


5 


5 


ns 


Row address setup time 


0 


0 


0 


ns 


Row address hold time 


10 


10 


10 


ns 


RAS to column 
address delay time 


15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

l ASC 

0 


0 


0 


ns 


Column address hold time 

*CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

45 


55 


60 


ns 


Column address to 

RAS lead time 

! RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

t RCH 

0 


0 

! 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C <T A < 75°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

— 


KI2H 


^Knrmti 


UNITS 

■Tiyj'iM 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

20 

0 


0 

20 

ns 

20 

WE command setup time 

•wcs 

0 


0 


0 


ns 


Write command hold time 

mmm 

10 


15 


15 


ns 

|^M| 

Write command hold time 
(referenced to RAS) 




55 


60 


ns 


Write command pulse width 

' WP 

TO 


15 


15 


ns 



t RWL 

20 


20 


20 


ns 


Write command to CAS lead time 

•CWL 

20 


20 


20 


ns 


Data-in setup time 

•DS 

0 


0 


0 


ns 

21 

Data-in hold time 

•dh 

15 


15 


HD3H 


ns 

21 

Data-in hold time 
(referenced to RAS) 


45 




■a 

■ 



T ransition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (512 cycles) 

•REF 


8/64 


8/64 


8/64 

ms 

7/25 

RAS to CAS precharge time 

•RPC 

0 


0 


0 


ns 


CAS setup time 

(CA5-BEFORE-M5 REFRESH) 

•CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CS5-BEFORE-HX5 REFRESH) 

tQHR 

10 


15 


15 


ns 

5 
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NOTES 

1. ‘All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to two TTL gates 
and lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If fc RCD is greater 
than the maximum recommended value shown in this 


table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15: Assumes that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *C AC. 

18. Operation within the *RAD (MAX) limit ensures that 
t RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either f RCH or t RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. Applies to L-version only. 
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(MICRON 


MT9D19 

1 MEG x 9 DRAM MODULE 







RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; A9 and WE = DON’T CARE) 



CAg-BEFORE-RAS REFRESH CYCLE 

(A0-A9 and WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 25 
(A0-A9 and WE = DON’T CARE) 
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4 MEG x 9 DRAM MODULE 


DRAM 

MODULE 


4 MEG x 9 DRAM 

FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin, single-in-line 
memory module 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• Low power, 12mW standby; 775mW active, typical 

• All device pins are fully TTL compatible 

• FAST PAGE M ODE a ccess c ycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 2,048-cycle refresh distributed across 32ms 

• Low profile 

OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 

• Packages 

Leadless 30-pin SIMM M 

Leaded 30-pin SIP N 

• Part Number Example: MT3D49M-6 


MARKING 

- 6 

- 7 

- 8 


GENERAL DESCRIPTION 

The MT3D49 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 22 address bits, which are entered 11 
bits (A0-A 10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS 
goin g LOW , the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row address (A0-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 



followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST-PAGE-MODE 
operations. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (A0-A10) are executed at least every 
32ms, regardless of sequence. The CBR R EFRES H cycle will 
invoke the refresh counter for automatic RAS addressing. 
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4 MEG x 9 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 


TRUTH TABLE 



U1-U2 = MT4C4M4B1DJ 
U3 = MT4C1004JDJ 


DQ1-DQ4 


DQ5-DQ8 


FUNCTION 

RAS 

CAS 

CAS9 

wr 

ADDRESSES 

DATA IN/OUT 

*R 

•c 

DQ1-DQ8, D9, Q9 

Standby 

H 

H-X 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-+L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L—H— L 

L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

L 

H 

X 

X 

High-Z 
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MT3D49 

4 MEG x 9 DRAM MODULE 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < t A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

ViH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE 

Any Input 0V < Vin < Vcc 

(All other pins not under test - 0V) 

D9, CAS9 

li 

-2 

2 

pA 


A0-A1 0, RAS, WE 

h 

-6 

6 

pA 


OUTPUT LEAKAGE 

(Q is disabled, 0V < Vout < Vcc) 

DQ1-DQ8, Q9 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High (Logic 1 ) Voltage (Iout = -5mA) 

Output Low (Logic 0) Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL Input Levels 
(RAS = CAS = Vih) 

Icci 

6 

6 

6 

mA 


STANDBY CURRENT: CMOS Input Levels 
(RAS = CAS = Vcc -0.2V) 

ICC2 

3 

3 

3 

mA 


OPERATING CURRENT 

(RAS and CAS = Cycling; <RC = 'RC (MIN)) 

iCC3 

350 

300 

270 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling; ‘PC = 'PC (MIN)) 

ICC4 

240 

210 

180 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

(RAS = Cycling; CAS = Vih; ‘RC = ‘RC (MIN)) 

ICC5 

350 

300 

270 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

ICC6 

350 

300 

270 

mA 

3,5 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 


19 

PF 

2 

Input Capacitance: RAS, CAS, WE 

Cl2 


25 

pF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 


10 

PF 

2 

Input Capacitance: DQ9 

Cl3 


10 

PF 

2 

Output Capacitance: Q9 

Co 


10 

pF 

2 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature -55°C to +125°C 

Power Dissipation 3W 

Short Circuit Output Current .....50mA 
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MT3D49 

4 MEG x 9 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 22) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

'PC 

40 


40 


45 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

tPRWC 

n/a 


n/a 


n/a 


ns 

22 

READ-WRITE cycle time 










Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


45 

ns 


RAS pulse width 

‘RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

l RSH 

15 


20 


20 


ns 


RAS precharge time 

l RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

•CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

•rah 

10 


10 


10 


ns 


RAS to column 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

•asc 

0 


0 


0 


ns 


Column address hold time 

t CAH 

10 


15 


15 


ns 


Column address hold time 

l AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

'RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

*RCS 

0 


0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

tRRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

^LZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'\NCS 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

, 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

t W p 

10 


15 


15 


ns 


Write command to RAS lead time 

t RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

15 


20 


20 


ns 


Data-in setup time 

*ds 

0 


0 


0 


ns 

21 

Data-in hold time 

l DH 

10 


15 


15 


ns 

21 

Data-in hold time 
(referenced to RAS) 

l DHR 

45 


55 


60 


ns 


Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048 cycles) 

*REF 


32 


32 


32 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'CHR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

tWRH 

10 


10 


10 


ns 

24 

WE setup time 
(CAS-BEFORE-RAS refresh) 

'WRP 

10 


10 


10 


ns 

24 

WE hold time 
(WCBR test cycle) 

X \NJH 

10 


10 


10 


ns 

24 

WE setup time 
(WCBR test cycle) 

iWTS 

10 


10 


10 


ns 

24 
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MT3D49 

4 MEG x 9 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOjxs is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the *REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < t RCD (MAX). If 4 RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 


15. A ssume s that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycl e. To i nitiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
'RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ’CAC. 

18. Operation within the *11X0 (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW; LATE-WRITE or 

RE AD-MODIFY- WRITE operations are not possible. 

23. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. HV TS an d *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WRP and HVRH in the 
CBR refresh cycle. 
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RS5-0NLY REFRESH CYCLE 

(AD DR = A0-A10; WE = DON’T CARE) 



CA5-BEFORE-RAS REFRESH CYCLE 

(A0-A10 = DON’T CARE) 



HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 
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DRAM 

MODULE 


4 MEG x 9 DRAM 

FAST PAGE MODE (MT9D49) 

LOW POWER, 

EXTEDEND REFRESH (MT9D49 L) 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 27mW (9m W L-version) standby; 
2,025mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 

• FAST PAGE MODE access cycle 

• Low CMOS standby current, 1.8mA maximum 
(L-version) 


OPTIONS 

MARKING 

• Timing 

60ns access 

-6 

70ns access 

-7 

80ns access 

-8 

• Packages 

Leadless 30 -pin SIMM 

M 

Leaded 30-pin SIP 

N 

• Power/Refresh 

Normal Power/16ms 

Blank 

Low Power/ 128ms 

L 

• Part Number Example: MT9D49ML-6 


GENERAL DESCRIPTION 

The MT9D49 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x9 configuration. 
During READ or WRITE cycles, each bit is uniquely ad- 
dressed through the 22 address bits which are entered 11 
bits (AO -A 10) at a time. RAS is used to latch the first 11 bits 
and CAS the lat ter 1 1 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR ITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW , and the ouput remains open (High-Z) until the next 
CAS cycle. 



FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-inby holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Als o, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
corre ct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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4 MEG x 9 DRAM MODULE 



FUNCTIONAL BLOCK DIAGRAM 


A0-A10 
RAS 
CAS 
' WE 


Vcc 

Vss 



TRUTH TABLE 


U1-U9 = MT4C1004JDJ 
or 

U1-U9 = MT4C1004JDJ L (L-version) 


FUNCTION 

1M 

EAST 

CAS9 

WE 

ADDRESSES 

DATA IN/OUT 

*R 

l c 

DQ1-D08, D9, 09 

Standby 

H 

H-X 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

H->L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H-L 

L 

L 

X 

X 

X 

High-Z 
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MT9D49 
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’‘'Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 3,4, 6,7) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < 6.5V 
(All other pins not under test = 0V) 

D9, CAS9 

ll 

-2 

2 

pA 


A0-A1 0, WE, CAS, RAS 

ll 

-18 

18 

pA 


OUTPUT LEAKAGE CURRENT 
(Q is disabled, 0V < Vout < 5.5V) 

Q9 

loz 

-10 

10 

pA 


DQ1-DQ8 

loz 

-12 

12 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

18 

18 

18 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

9 

9 

9 

mA 

23 

1.8 

1.8 

1.8 

mA 

23,26 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

990 

900 

810 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = { PC (MIN)) 

ICC4 

720 

630 

540 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

990 

900 

810 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAC 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

990 

900 

810 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = ! RAS (MIN) to 
300ns; WE = Vcc -0.2V, A0-A9 and Din = Vcc - 0.2V or 0.2V (Din 
may be left open), l RC = 125ps (1 ,024 rows at 1 25jlls = 1 28ms) 

ICC7 

2.7 

2.7 

2.7 

mA 

26 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ....-55°C to +125°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 
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MICRON 

1 TECHNOLOGY. INC. 


MT9D49 

4 MEG x 9 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 


58 

pF 

2 

Input Capacitance: RAS, WE 

Cl2 


76 

pF 

2 

Input Capacitance: D9 

Cl3 


10 

pF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 


15 

PF 

2 

Output Capacitance: Q9 

Co 


10 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

6 


7 

_ -8 _ _ 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

toWC 

n/a 


n/a 


n/a 


n/a 

24 

FAST-PAGE-MODE READ 

l PC 

40 


40 


45 


ns 


or WRITE cycle time 










FAST-PAGE-MODE READ-WRITE 

l PRWC 

n/a 


n/a 


n/a 


n/a 

24 

cycle time 










Access time from RAS 

l RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

to PA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

toASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

toSH 

15 


20 


20 


ns 


RAS precharge time 

tRP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

toPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

toCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

toSR 

0 


0 


0 


ns 


Row address hold time 

toAH 

10 


10 


10 


ns 


RAS to column 

toAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

toAH 

10 


15 


15 


ns 


Column address hold time 

X AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

toAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

'RCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

toRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-( 

3 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•OFF 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

*wcs 

0 


0 


0 


ns 


Write command hold time 

'WCH 

10 


15 


15 


ns 


Write command hold time 

'WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

*WP 

10 


15 


15 


ns 


Write command to RAS lead time 

t RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

! cwl 

15 


20 


20 


ns 


Data-in setup time 

{ DS 

0 


0 


0 


ns 

21 

Data-in hold time 

t DH 

10 


15 


15 


ns 

21 

Data-in hold time 

^HR 

45 


55 


60 


ns 


(referenced to RAS) 










Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

9,10 

Refresh period (1 ,024 cycles) 

*REF 


16/128 


16/128 


16/128 

ms 

7/26 

RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

•CSR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS REFRESH) 










CAS hold time 

•CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS REFRESH) 










WE hold time 

•WRH 

10 


10 


10 


ns 

25 

(CAS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

10 


10 


10 


ns 

25 

(CAS-BEFORE-RAS refresh) 










WE hold time 

tWTH 

10 


10 


10 


ns 

25 

(WCBR test cycle) 










WE setup time 

•WTS 

10 


10 


10 


ns 

25 

(WCBR test cycle) 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS refresh cycles (RAS-ONLY 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the l REF refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to two TTL gates 
and lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 


15. A ssume s that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for 'CFN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
t RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either t RCH or *RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. All other inputs equal Vcc -0.2V. 

24. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

25. *WTS and *WTH are set up and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of hVRP and *WRH in the 
CBR refresh cycle. 

26. Applies to L-version only. 
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ES5-0NLY REFRESH CYCLE 

(AD DR = A0-A9; A10 and WE = DON’T CARE) 



CS5-BEF0RE-RAS REFRESH CYCLE 

(A0-A10 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 26 

(A0-A10 = DON’T CARE) 
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MICRON 

m TECHNOLOGY, INC. 


MT9D169 

16 MEG x 9 DRAM MODULE 


DRAM 16 MEG x 9 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 30-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 27mW standby; 2,475mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
andHIDDEN 

• 4,096-cycle refresh distributed across 64ms 

• FAST PAGE MODE access cycle 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

-6 

-7 

-8 


• Packages 

Leadless 30 -pin SIMM M 

Leaded 30-pin SIP N 


• Part Number Example: MT9D169M-6 


GENERAL DESCRIPTION 

The MT9D169 is a randomly accessed solid-state mem- 
ory containing 16,777,216 words organized in a x9 configu- 
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 24 add ress bits which are entered 12 
bits (A0 -A ll) at a time. RAS is used to latch the first 12 bits 
and CAS the lat ter 1 2 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode, while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LO W, the output pin(s) remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0 -All) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 



be toggled-in by holding RAS LOW and strobing-in differ- 
ent colum n addr esses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS or H IDDEN REFRESH) so that all 4,096 combinations 
of RAS addresses (A0 -All) are executed at least every 
64ms, regardless of sequence. The CBR refres h cycle will 
invoke the refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 



TRUTH TABLE 


FUNCTION 

RAS 

EA!T 

CAS9 

WE 

ADDRESSES 

DATA IN/OUT 


•c 

DQ1-DQ8, D9, 09 

Standby 

H 

H-X 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L— H-*L 

L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

L 

H 

X 

X 

High-Z 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < 6.5V 
(All other pins not under test = 0V) 

A0-A11, WE, RAS 

ll 

-18 

18 

pA 


D9, CAS9 

ll 

-2 

2 

m a 


OUTPUT LEAKAGE CURRENT 
(Q is disabled, 0V < Vout < 5.5V) 

DQ1 -DQ8, Q9 

loz 

-10 

10 

ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT (TTL) 

(RAS = CAS = Vih) 

Icci 

18 

18 

18 

mA 


STANDBY CURRENT (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

9 

9 

9 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

810 

720 

630 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

630 

540 

450 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: ( RC = 'RC (MIN)) 

ICC5 

810 

720 

630 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = t RC (MIN)) 

ICC6 

810 

720 

630 

mA 

3 
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CAPACITANCE 


DESCRIPTION 

SYMBOL 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 1 

Cn 

58 

PF 

2 

Input Capacitance: RAS, WE, CAS 

Cl2 

76 

PF 

2 

Input/Output Capacitance: DQ1-DQ8 

Cio 

15 

PF 

2 

Input Capacitance: D9, CAS9 

Cl3 

10 

PF 

2 

Output Capacitance: Q9 

Co 

10 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = 5V±10%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

X RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

X R\NC 

n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

X PC 

35 


40 


40 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

tpRWC 

n/a 


n/a 


n/a 


ns 

22 

READ-WRITE cycle time 










Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

15 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


FffiS pulse width (FAST PAGE MODE) 

t RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

l RSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

l RCD 

15 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

l CRP 

5 


5 


5 


ns 


Row address setup time 

X ASR 

0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


10 


ns 


RAS to column 

t RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 

X AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

X RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

'RCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

l RRH 

0 


0 


o 


ns 

19 

(referenced to RAS) 




; 


. 
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m TECHNOLOGY, INC. 


MT9D169 

16 MEG x 9 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 1 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

5 

15 

5 

15 

5 

15 

ns 

20 

WE command setup time 

l WCS 

0 


0 


0 


ns 


Write command hold time 

WCH 

10 


15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

21 

Data-in hold time 

toH 

10 


15 


15 


ns 

21 

Data-in hold time 

toHR 

45 


55 


60 


ns 


(referenced to RAS) 










Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (4,096 cycles) 

*REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

5 


5 


5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

tCHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

WRH 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE hold time 

WTH 

10 


10 


10 


ns 

24 

(WCBR test cycle) 










WE setup time 

wts 

10 


10 


10 


ns 

24 

(WCBR test cycle) 
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MT9D169 

16 MEG x 9 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS) 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that tRCD 
exceeds the value shown. 


15. A ssum es that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for 'CRN. 

17. Operation within the t RCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by l AA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

23. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. hV TS an d *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of HVRP and hVRH in the 
CBR refresh cycle. 
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ESS-ONLY REFRESH CYCLE 

(ADDR = A0-A1 1 ; WE = DON’T CARE) 



CSS-BEFORE-EAS refresh cycle 

(A0-A1 1 = DON’T CARE) 



HIDDEN REFRESH CYCLE 2 3 

(WE = HIGH) 



Jf/X DON’T CARE 
$$ UNDEFINED 


T9D169 
EV. 4/92 


3-119 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW I DRAM MODULE 





NEW g DRAM MODULE 


ADVANCE 


MICRON 

m TECHNOLOGY, INC. 


MT9D169 

16 MEG x 9 DRAM MODULE 


MT9D169 
REV. 4/92 


3-120 


Micron Technology, Inc., reserves the right to change products. or specifications without notice 
©1992, Micron Technology, Int 



MICRON 

m TECHNOLOGY. INC. 


MT8D25632 

256K x 32, 512K x 16 DRAM MODULE 


DRAM 

MODULE 


256K x 32, 51 2K x 1 6 

FAST PAGE MODE (MT8D25632) 

LOW POWER, 

EXTENDED REFRESH (MT8D25632 L) 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 24mW (2.4mW L-version) standby; 
l,400mW activ e, typical 

• Multiple RAS li nes of fer xl6 or x32 widths 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

• FAST PAGE MODE access cycle 

• Low CMOS standby current, 1.6mA maximum 
(L-version) 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Packages 

Leadless 72 -pin SIMM 

M 

Leadless 72 -pin SIMM (Gold) 

G 

• Power/Refresh 

Normal Power/8ms 

Blank 

Low Power/64ms 

L 


• Part Number Example: MT8D25632ML-6 

GENERAL DESCRIPTION 

The MT8D25632 is a randomly accessed solid-state 
memory containing 262,144 words organized in a x32 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through t he 18 a ddress bits which are 
entered 9 bits (AO -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR IT E cycl e, data-in (D) is latched b y the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the outputpin(s) remain 
open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-9) 


MT8D25632M/G 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

CAST 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

CAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAST 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

CAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

RAST 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

NC 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

WF 

65 

DQ16 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

FAST 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


always initiated with a row address stro bed-in by R AS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addr esses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms 
(64ms on L-version), regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1 


DQ8 


DQ9 


DQ16 


CASO 

casi 

RASO 


WE 


CAS2 

CAS3 

RAS2 


A0-A8 



U1-U8 = MT4C4256DJ 

U1-U8 = MT4C4256DJ L (L-version) 
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TRUTH TABLE 


FUNCTION 

RAS 

CAS 

WE" 

ADDRESSES 

DATA IN/OUT 

tR 

*C 

DQ1-DQ32 

Standby 

H 

H-*X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L-H 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L-H 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

HH_ 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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TECHNOLOGY. INC. 


MT8D25632 

256K x 32, 512K x 16 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ...-55°C to +125°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 . 2, 3, 6, 22 ) (0°C <T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any input: 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

RASO, RAS2 

In 

-8 

8 

pA 


A0-A8, WE 

Il2 

-16 

16 

pA 


CAS0-CAS3 

1 13 

-4 

4 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ32 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

8 

8 

8 

mA 


1.6 

1.6 

1.6 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = ‘RC (MIN)) 

ICC3 

720 

640 

560 

mA 

2, 22 

680 

600 

520 

mA 

2,22,24 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = { PC (MIN)) 

ICC4 

560 

480 

400 

mA 

2, 22 

520 

440 

360 

mA 

2,22,24 

REFRESH CURRENT: MS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

720 

640 

560 

mA 

2 

680 

600 

520 

mA 

2, 24 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC6 

720 

640 

560 

mA 

2, 19 

680 

600 

520 

mA 

2,19,24 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 

Ijxs; WE, A0-A9 and Din = Vcc -0.2V or 0.2 V (Din may be left 

OPEN), X RC = 125p,s (512 rows at 125jis = 64ms) 

ICC7 

1.6 

-1.6 

i 

1.6 

mA 

24 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


51 

PF 

17 

Input Capacitance: WE 

Cl2 


67 

PF 

17 

Input Capacitance: RASO 

Cl3 


34 

PF 

17 

Input Capacitance: CAS0-CAS3 

Cl4 


17 

PF 

17 

Input/Output Capacitance: DQ1-DQ32 

ClO 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


_ -6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

tPRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

9 

Output Enable 

*OE 


20 


20 


20 

ns 


Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

l CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


20 


ns 


RAS precharge time 

‘RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

<CP 

10 


10 


10 


ns 


RAS to CAS delay time 

l RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

23 

Column address setup time 

‘ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

45 


55 


60 


ns 


Column address to 

RAS lead time 

t RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

l RCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

14 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

‘OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

1 WCS 

0 


0 


0 


ns 


Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 

l WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

<WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

20 


20 


20 


ns 


Data-in setup time 

‘DS 

0 


0 


0 


ns 

15 

Data-in hold time 

*DH 

15 


15 


15 


ns 

15 

Data-in hold time 

*DHR 

45 


55 


60 




(referenced to RAS) 










Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

‘REF 


8/64 


8/64 


8/64 



RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 


CAS setup time 

'CSR 

10 


10 


10 



19 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

•CHR 

15 


15 


15 


ns 

19 

(CAS-BEFORE-RAS refresh) 











MT8D25632 
REV. 4/92 


3-126 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 






MICRON 

m TECHNOLOGY, INC. 


MT8D25632 

256K x 32, 512K x 16 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lO Ops is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < t RCD (MAX). If ! RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

9. A ssum es that tRCD > tRCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 


a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V & 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 

(Q) will be maintained from the previous cycle. To_ 

initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U8. 

22. Icc is dependent on cycle rates. 

23. Operation within the tRAD (MAX) limit ensures that 
t RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

24. Applies to L-version only. 
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RAS-ONLY REFRESH CYCLE 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A8, WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 24 

(A0-A8, WE = DON’T CARE) 
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512K x 32, 1 MEG x 16 DRAM MODULE 


DRAM 

MODULE 


512K x 32, 1 MEG x 16 

FAST PAGE MODE (MT16D51232) 

LOW POWER, 

EXTENDED REFRESH (MT16D51232 L) 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 48mW (4.8mW L-version) standby; 
l,424mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HID DEN 

• Multiple RAS lines offer xl6 or x32 widths 

• 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

• FAST PAGE MODE access cycle 

• Low CMOS standby current, 3.2pA maximum 
(L-version) 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Packages 

Leadless 72 -pin SIMM 

M 

Leadless 72 -pin SIMM (Gold) 

G 

• Power /Refresh 

Normal Power/ 8ms 

Blank 

Low Power/ 64ms 

L 


• Part Number Example: MT16D51232G-6 

GENERAL DESCRIPTION 

The MT16D51232 is a randomly accessed solid-state 
memory containing 524,288 words organized in a x32 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits which are 
entered 9 bits (A O -A8) at a time. RAS is used to latch the first 
9 bits and CAS th e lat ter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR I TE cyc le, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-10) 


MT1 6D51 232M/G 

lo o 

1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

HAST 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

HAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

HAST 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

HAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

HAST 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

RAST 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

PfC 

47 

WF 

65 

DQ16 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

HAST 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

HAST 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST-PAGE-MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Als o, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms 
(64ms on L-version), regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 
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TRUTH TABLE 


FUNCTION 

RSf 

ESS" 

WE 

ADDRESSES 

DATA IN/OUT 

*R 

l c 

DQ1-DQ32 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 


High-Z 

HIDDEN 

REFRESH 

READ 

L-*H— L 

L 

H 

ROW 


Data Out 

WRITE 

L-H-L 

L 

L 

ROW 


Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H— L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation . 16 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 22 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

CAS0-CAS3 

111 

-8 

8 

|iA 


A0-A8, WE 

Il2 

-32 

32 

M-A 


RAS0-RAS3 

1 13 

-8 

8 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ32 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

32 

32 

32 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

16 

16 

16 

mA 


3.2 

3.2 

3.2 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: toC = toC (MIN)) 

ICC3 

736 

656 

576 

mA 

2, 22 

684 

604 

524 

mA 

2,22,24 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: toC = toC (MIN)) 

ICC4 

576 

496 

416 

mA 

2, 22 

524 

444 

364 

mA 

2,22,24 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

736 

656 

576 

mA 

2 

684 

604 

524 

mA 

2, 24 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = toC (MIN)) 

ICC6 

736 

656 

576 

mA 

2, 19 

684 

604 

524 

mA 

2,19,24 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = 'RAS (MIN) to 

1 pis; WE, A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), toC = 125|xs (512 rows at 125^is = 64ms) 

, 

ICC7 

3.2 

3.2 

3.2 

mA 

24 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


102 

PF 

17 

Input Capacitance: WE 

Cl2 


134 

pF 

17 

Input Capacitance: CAS0-CAS3, RAS0-RAS3 

Cl4 


34 

PF 

17 

Input/Output Capacitance: DQ1-DQ32 

Cio 


20 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

*PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

'PRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

9 

Output Enable 

l OE 


20 


20 


20 

ns 


Access time from column address 

'AA 




35 


40 

ns 


Access time from CAS precharge 

’CPA 


35 


40 


45 

ns 


RAS pulse width 

tRAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

60 


70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

20 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

’CSH 

60 


70 


80 


ns 


CAS precharge time 

X CPH 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 





30 

15 

35 

15 

40 

ns 

23 


12331 

0 


0 


0 


ns 


Column address hold time 

E21 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 


m 


55 


60 




Column address to 

RAS lead time 




35 


40 




Read command setup time 


0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

X RCH 



0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

14 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 1 1, 16, 21) (0°C <T A < 70°C; Vcc = 5V +10%) 


AG CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAC to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

'\NCS 

0 


0 


0 


ns 


Write command hold time 

'\NCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

l WCR 

45 


55 


60 




Write command pulse width 

iwp 

10 


15 


15 




Write command to RAS lead time 

tRWL 

20 


20 


20 


ns 


Write command to CAS lead time 

'CWL 

20 


20 


20 


■Bl 


Data-in setup time 

l DS 

0 


0 


0 


■ 

15 

Data-in hold time 

t DH 

15 


15 


15 


■SHI 

15 


tlHR 

45 


55 






Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (51 2 cycles) 

'REF 


8/64 


8/64 





RAS to CAS precharge time 

•RPC 

0 


0 


0 


ns 


CAS setup time 
(CA5-BEFORE-RAS refresh) 

•CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

•CHR 

10 


15 


15 


ns 

19 
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NOTES , 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the l REF 
refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t KAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

14. Either tRCH or t RRH must be satisfied for a READ 

cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vm) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
- 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, 

CAS must be pulsed HIGH for ^P. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. Icc is dependent on cycle rates. 

23. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

24. Applies to L-version only. 
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RAS-ONLY REFRESH CYCLE 

(AD DR = A0-A7; A8 and WE = DON’T CARE) 



Cag-BEF0RE-RA5 REFRESH CYCLE 

(A0-A8, WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 24 

(A0-A8, WE = DON’T CARE) 
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FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 24mW (8mW L-version) standby; 

l,800mW active , typi cal 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 

• FAST PAGE MODE access cycle 

• Low CMOS standby current 1 .6mA maximum 
(L-version) 


OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

• Power/Refresh 

Normal Power /16ms Blank 

Low Power/ 128ms L 


» Part Number Example: MT8D132GL-6 

GENERAL DESCRIPTION 

The MT8D132 is a randomly accessed solid-state memory 
:ontaining 1,048,576 words organized in a x32 configura- 
ion. During READ or WRITE cycles, each bit is uniquely 
iddressed through the 20 ad dress bits which are entered 10 
)its (A0-A 9) at a time. RAS is used to latch the first 10 bits 
ind CAS the lat ter 1 0 bits. A READ or WR ITE cycle is 
:elected with the WE input. A logic HIGH on WE dictates 
^EAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data-in (D) is latched by the 
ailing edge of WE or CAS, whichever occurs last. If WE 
;oes LOW prior to CAS going LOW, the output pin(s) 
emain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
ions (READ or WRITE) within a row-address (A0-A9) 
iefined page boundary. The FAST PAGE MODE cy cle is 
lways initiated with a row address strobed-in by RAS 


1 MEG x 32, 2 MEG x 16 

FAST PAGE MODE (MT8D132) 

LOW POWER, 

EXTENDED REFRESH (MT8D132 L) 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-9) 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

CAS0 

58 

DQ29 

5 

DQ1 8 

23 

DQ22 

41 

CAS2 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAST 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

CAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

RAS0 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

NC 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

WF 

65 

DQ16 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

: A2 

32 

A9 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

RAST 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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1 MEG x 32, 2 MEG x 16 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 


DQ1 ■ 


DQ8 


DQ9 


DQ16 


CASO 

CAST 

RASO 


WE 


CAS2 

CAS3 

RAS2 


A0-A9 



U1-U8 = MT4C4001 JDJ 

U1-U8 = MT4C4001 JDJ L (L-version) 
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MICRON 

1 TECHNOLOGY. INC. 


MT8D132 

1 MEG x 32, 2 MEG x 16 DRAM MODULE 


TRUTH TABLE 


FUNCTION 

RA5T 

EAS 

WE 

ADDRESSES 

DATA IN/OUT 

! R 

*C 

DQ1-DQ32 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H— L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H->L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-*L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H-L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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MICRON 

■ TECHNOLOGY, INC. 


MT8D132 

1 MEG x 32, 2 MEG x 16 DRAM MODULE 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 22) (0°C < T A < 70°C; Vcc = 5V ± 1 0%) 


PARAIVI ETER/CO N D ITI 0 N 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

RASO, RAS2 

111 

-8 

8 

pA 


A0-A9, WE 

Il2 

-16 

16 

pA 


CAS0-CAS3 

Il3 

-4 

4 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ32 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc supply relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ..-55°C to +125°C 

Power Dissipation 8W 

Short Circuit Output Current 50mA 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

■7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

8 

8 

8 

mA 


1.6 

1.6 

1.6 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = { RC (MIN)) 

ICC3 

880 

800 

720 

mA 

2, 22 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = { PC (MIN)) 

ICC4 

640 

560 

480 

mA 

2, 22 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: <RC = 'RC (MIN)) 

ICC5 

880 

800 

720 

mA 

2 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC6 

880 

800 

720 

mA 

2, 19 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 
300pis; WE = Vcc -0.2V; A0-A9 and Din = Vcc -0,2V or 0.2V 
(Din may be left open), t RC = 125jxs (1 ,024 rows at 125jxs = 128ms) 

ICC7 

2.4 

2.4 

2.4 

mA 

24 
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MICRON 

■ TECHNOLOGY, INC. 


MT8D132 

1 MEG x 32, 2 MEG x 16 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


51 

pF 

17 

Input Capacitance: WE 

Cl2 


67 

PF 

17 

Input Capacitance: RASO, RAS2 

Cl3 


34 

PF 

17 

Input Capacitance: CASO, CASO, CAS2, CAS3 

Cl4 


17 

pF 

17 

Input/Output Capacitance: DQ1-DQ32 

Cio 


10 

PF 

17 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V +1 0%) 


AC CHARACTERISTICS 


-6 

-7 

. -8 . _ 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

tPRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

9 

Output Enable 

'OE 


15 


20 


20 

ns 


Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RA5 pulse width (FAST PAGE MODE) 

l RASP 

60 

200,000 

70 

200,000 

80 

200,000 

ns 


RAS hold time 

t RSH 

15 


20 


20 


ns 


RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

20 

45 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

! RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

ijf 15 

35 

15 

40 

ns 

23 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

t CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

>AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

{ RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

! RRH 

0 


0 


0 


ns 

14 



o 

a 


m 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (0°C < T A < 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

^FF 

0 

15 

0 

20 

0 

20 

ns 


WE command setup time 

*wcs 

0 


0 


0 


ns 


Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 

HI 

Write command pulse width 

*WP 

10 


15 


15 


ns 

HSHH 

Write command to RAS lead time 

‘RWL 

15 


20 


20 


ns 

■ ■ 

Write command to CAS lead time 

•CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

15 

Data-in hold time 

l DH 

10 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

'DHR 

45 


55 


60 


ns 


Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (1 ,024 cycles) 

l REF 




16/128 


16/128 

ms 

3/24 

RAS to CAS precharge time 

•RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

l CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

tCHR 

15 


15 


15 


ns 

19 

WE hold time 

(CAS-BEFORE-RAS refresh) 

’WRH 

10 


10 


10 


ns 


WE setup time 
(CA5-BEFORE-RA5 refresh) 

'WRP 

10 


10 


10 


ns 


WE hold time 
(WCBR test cycle) 

l WTH 

10 


10 


10 


ns 


WE setup time 
(WCBR test cycle) 

•WTS 

10 


10 


10 


ns 
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MT8D132 

1 MEG x 32, 2 MEG x 16 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lO Ops is required after po wer-u p 
followed by any eig ht R AS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) befo re proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the t REF refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vm (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If l RCD is greater 
than the maximum recommended value shown in this 
table, l RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > f RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. l RCD (MAX) is specified as 


a reference point only; if tRCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either t RCH or t RRH must be satisfied for a READ 

cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data out buffer, CAS 
must be pulsed HIGH for tCP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MOD1FY- 
WRITE cycles are not available due to OE being 
grounded on U1-U8. 

22. Icc is dependent on cycle rates. 

23. Operation within the TlAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

24. Applies to L- version only. 
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M5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



MS-BEFORE-MS REFRESH CYCLE 

(A0-A9, WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 24 

(A0-A9, WE = DON’T CARE) 



Y/h D C> N ’ T CARE 
TO UNDEFINED 
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MT16D232 

2 MEG x 32, 4 MEG x 16 DRAM MODULE 


DRAM 

MODULE 


2 MEG x 32, 4 MEG x 16 

FAST PAGE MODE (MT16D232) 

LOW POWER, 

EXTENDED REFRESH (MT16D232 L) 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 48mW (16mW L-version) standby; 
l,824mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HID DEN 

• Multiple RAS lines allow xl6 or x32 width 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 

• FAST PAGE MODE access cycle 


• Low CMOS standby current, 3.2mA maximum 

(L-version) 


OPTIONS 

• Timing 

MARKING 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Packages 


Leadless 72 -pin SIMM 

M 

Leadless 72 -pin SIMM (Gold) 

G 

• Power /Refresh 


Normal Power/ 16ms 

Blank 

Low Power/ 128ms 

L 


• Part Number Example: MT16D232GL-6 


GENERAL DESCRIPTION 

The MT16D232 is a randomly accessed solid-state memory 
containing 2,097,152 words organized in a x32 configura- 
tion. During READ or WRITE cycles each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR I TE cyc le, data-in (D) is latched by the 
falling edge of WE or CAS , whichever occurs l ast. EA RLY- 
WRITE occurs when WE goes LOW prior to CAS going 
LOW , the output pin(s) remain open (High-Z) until the next 
CAS cycle. 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-10) 


! MT16D232M/G 

to o 

1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

TOST 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

TOST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

TOST 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

TOST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

TOSO 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

TOST 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

WE 

65 

DQ16 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

TOST 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

TOST 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-i n by R AS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Als o, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
corre ct state by maintainin g pow er and execu ting any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combination 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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■ DRAM MODULE 



FUNCTIONAL BLOCK DIAGRAM 

DQ1 - DQ8 DQ9 -DQ16 


mi mi mi mi 



DQ1 - DQ8 DQ9 DQ16 



U1-U16 = MT4C4001 JDJ 

U1-U16 = MT4C4001 JDJ L (L-version) 
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MICRON 

m TECHNOLOGY, INC. 


MT16D232 

2 MEG x 32, 4 MEG x 16 DRAM MODULE 


TRUTH TABLE 


FUNCTION 

ras 

ejgt 

WE 

ADDRESSES 

DATA IN/OUT 

l R 

*C 

DQ1-DQ32 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H— L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

■6 

-7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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MT16D232 

2 MEG x 32, 4 MEG x 16 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation .. 16W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 2, 3, 6, 22) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

CAS0-CAS3 

111 

-8 

8 

MA 


A0-A9, WE 

Il2 

-32 

32 

'MA 


RAS0-RAS3 

Il3 

-8 

8 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ32 

loz 

-20 

20 

ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

32 

32 

32 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

16 

16 

16 

mA 


3.2 

3.2 

3.2 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X HC (MIN)) 

ICC3 

896 

816 

736 

mA 

2, 22 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = X PC (MIN)) 

ICC4 

656 

576 

496 

mA 

2, 22 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

896 

816 

736 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

896 

816 

736 

mA 

2, 19 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 02V or CAS-BEFORE-RAS cycling; RAS = 'HAS (MIN) to 
300ns; WE = Vcc -0.2V; A0-A9 and Din = Vcc -0.2V or 0.2V 
(Din may be left OPEN), *RC = 125ps (1 ,024 rows at 125ps = 128ms) 

ICC7 

4.8 

4.8 

4.8 

mA 

24 
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MT16D232 

2 MEG x 32, 4 MEG x 16 DRAM MODULE 




CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


102 

PF 

17 

Input Capacitance: WE 

Cl2 


134 

PF 

17 

Input Capacitance: CAS0-CAS3, RAS0-RAS3 

Cl4 


34 

PF 

17 

Input/Output Capacitance: DQ1 -DQ32 

Cto 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6 , 21 ) (0°C < T A < 70°C ; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 , 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

•rc 

110 


130 


150 


ns 


READ-WRITE cycle time 

tRWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

9 

Output Enable 

*OE 


15 


20 


20 

ns 


Access time from colurpn address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

60 

200,000 

70 

200,000 

80 

200,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

tRCD 

20 

45 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

30 

15 

35 

15 

40 

ns 

23 

Column address setup time 

'ASC 

0 


0 


0 


ns 




10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

{ RAL 

30 


35 


40 


ns 


Read command setup time 

*RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

14 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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MT16D232 

2 MEG x 32, 4 MEG x 16 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, It, 16, 21) (0°C < T A < 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

15 

0 

20 

0 

20 

ns 

12 

WE command setup time 

l wcs 

0 


0 


0 


ns 


Write command hold time 

'WCH 

10 


15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

tWP 

10 


15 


15 


ns 


Write command to RAS lead time 

t RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

^WL 

15 


20 


20 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

tDH 

10 


15 


15 


ns 

15 

Data-in hold time 

tHHR 

45 


55 


60 


ns 


(referenced to RAS) 










Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

5,16 

Refresh period (1 ,024 cycles) 

l REF 


16/128 


16/128 


16/128 

ms 

3/24 

RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

'CSR 

10 


10 


10 


ns 

19 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

tCHR 

15 


15 


15 


ns 

19 

(CAS-BEFORE-RA3 refresh) 










WE hoid time 

WRH 

10 


10 


10 


ns 


(CAS-BEFORE-RA5 refresh) 


■ .. . 








WE setup time 

l WRP 

10 


10 


10 


ns 


(CAS- BE FORE- RAS refresh) 










WE hold time 

t WTH 

10 


10 


10 


ns 


(WCBR test cycle) 










WE setup time 

WTS 

10 


10 


10 


ns 


(WCBR test cycle) 
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MICRON 

m TECHNOLOGY, INC. 


MT16D232 

2 MEG x 32, 4 MEG x 16 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by eight RAS REFRESH cycles (RAS-ONLY 
or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the t REF refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < t RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

9. Assumes that tRCD > tRCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 


a reference point only; if tRCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by kTAC. 

14. Either tRCH or tRRH must be satisfied for a READ 

cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. Icc is dependent on cycle rates. 

23. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. ^RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

24. Applies to L-version only. 
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MICRON 

■ TECHNOLOGY, INC. 


MT16D232 

2 MEG x 32, 4 MEG x 16 DRAM MODULE 


RS5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CAS-BEFORE-Tigg REFRESH CYCLE 

(A0-A9, WE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 24 

(A0-A9, WE = DON’T CARE) 
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MT8D432 

4 MEG x 32, 8 MEG x 16 DRAM MODULE 


DRAM 4 MEG x 32, 8 MEG x 16 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 40mW standby; 2,200mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
1 and HID DEN 

• Multiple RAS lines allow xl6 or x32 width 

• 2,048-cycle refresh distributed across 32ms 

• FAST PAGE MODE access cycle 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

- 6 

- 7 

- 8 


• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 


• Part Number Example: MT8D432G-6 


GENERAL DESCRIPTION 

The MT8D432 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x32 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 1 1 
bits (A0-A 10) at a time. RAS is used to latch the first 11 bits 
and CAS the lat ter 1 1 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open(High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-17) 


MT8D432M/G 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

A10 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

CfiSO 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

CAS2" 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CA S3 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

CAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

RASO" 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

NC 

63 

DQ15 

10 

VCC 

28 

A7 

46 

NC 

64 

DQ32 

11 

NC 

29 

NC 

47 

WE 

65 

DQ16 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

W52 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


followed by a column address strobed-inby CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and execu ting any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS or H IDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (A0-A10) are executed at least every 
32ms, regardless of sequence. The CBR R EFRES H cycle will 
invoke the refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1 - 4 
WE 




DQ1 -4 
WE 

U5 

CAS 

RAS 

OE A0-A10 


CAS 

RAS 

OE A0-A10 



DQ1 -4 
WE 

U3 

CAS 

RAS 

OE A0-A10 




DQ1 - 4 
WE 

U4 

CAS 

RAS 

OE A0-A10 


''"'I 



WE ' 

DQ17 

— - DQ24 


mt 

tm 


DQ1 -4 
WE 




DQ1 -4 
WE 

U8 

CAS 

RAS 

OE A0-A10 


EE if M iiBi 


U1-U8 = MT4C4M4A1 DJ 
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MT8D432 

4 MEG x 32, 8 MEG x 16 DRAM MODULE 


TRUTH TABLE 


FUNCTION 

RAS 

CAS” 

m 

ADDRESSES 

DATA IN/OUT 

tR 

*c 

DQ1-DQ8 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H— L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L^H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

■6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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MT8D432 

4 MEG x 32, 8 MEG x 16 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation . 8W 

Short Circuit Output Current . 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

RASO, RAS2 

111 

-8 

8 

pA 


A0-A10, We 

Il2 

-16 

16 

pA 


CAS0-CAS3 

Il3 

-4 

4 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ32 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

8 

8 

8 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = *RC (MIN)) 

ICC3 

960 

800 

680 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = { PC (MIN)) 

ICC4 

640 

560 

480 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = l RC (MIN)) 

ICC5 

960 

800 

680 

mA ! 

3 

REFRESH CURRENT: CAS-BEFORE-MS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

960 

800 

680 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 0 

Cm 


51 

PF 

2 

Input Capacitance: WE 

Cl2 


67 

PF 

2 

Input Capacitance: RASO, RAS2 

Cl3 


34 

PF 

2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 

Cl4 


17 



Input/Output Capacitance: DQ1-DQ32 

Cio 


10 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8. 9, 1 0, 1 1 , 1 2, 1 3, 22) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 ' 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

tRC 

110 


130 


150 


ns 


READ-WRITE cycle time 

tRWC 

n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

n/a 


n/a 


n/a 


ns 

22 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

l AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


40 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

{ RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

l RSH 

15 


20 


20 


ns 


RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

>CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 

. ■ . 

Column address to 

RAS lead time 

'RAL 

30 


35 


40 


ns 


Read command setup time 

*RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

l CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13, 22) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

•off 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

*WCS 

0 


0 


0 


ns 


Write command hold time 

l WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

•WCR 

45 


55 


60 


ns 


Write command pulse width 

t W p 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

CWL 

15 


20 


20 


ns 


Data-in setup time 

X DS 

0 


0 


0 


ns 

21 

Data-in hold time 

l DH 

10 


15 


15 


ns 

21 

Data-in hold time 
(referenced to RAS) 

l DHR 

45 


55 


60 


ns 


Transition time (rise or fall) 

X J 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048 cycles) 

*REF 


32 


32 


32 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

X CSR 

5 


5 


5 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

X CRR 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

X \NRR 

10 


10 


10 


ns 

24 

WE setup time 
(CAS-BEFORE-RAS refresh) 

•WRP 

10 


10 


10 


ns 

24 

WE hold time 
(WCBR test cycle) 

l WTH 

10 


10 


10 


ns 

24 

WE setup time 
(WCBR test cycle) 

tWTS 

10 


10 


10 


ns 

24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS) 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

1 1 . If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 


15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either t RCH or tRRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. hVTS and HVTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WRP and HVRH in the 
CBR refresh cycle. 


17. 


18. 
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BS5-0NLY REFRESH CYCLE 

(ADDR = A0-A10; WE = DON’T CARE) 



CE5-BEFORE-T5S5 REFRESH CYCLE 

(A0-A10 = DON’T CARE) 



HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 


(READ) (REFRESH) 
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DRAM 

MODULE 


8 MEG x 32,16 MEG x16 

FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 80mW standby; 2,240mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 2,048-cycle refresh distributed across 32ms 

• FAST P AGE M ODE access cycle 

• Multiple RAS lines allow xl6 or x32 width 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

- 6 

- 7 

- 8 


• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 


• Part Number Example: MT16D832G-6 


GENERAL DESCRIPTION 

The MT16D832 is a randomly accessed solid-state memory 
containing 8,388,608 words organized in a x32 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 1 1 
bits (A0-A 10) at a time. RAS is used to latch the first 11 bits 
and CAS the lat ter 1 1 bits. A READ or WR ITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open(High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-1 8) 


MT16D832M/G 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

A10 

37 

NC 

55 

DQ12 

2 

DQ1 

20 

DQ5 

Kill 


El 

DQ28 

3 

DQ17 

21 

DQ21 

f 

Vss 

Ea 

DQ13 

4 

DQ2 

22 

DQ6 

El 


El 

DQ29 

5 

DQ18 

23 

DQ22 

mm 


KLJj 

Vcc 

6 

DQ3 

24 

DQ7 

mm 

WkumM i 

mm 

DQ30 

7 

DQ19 

25 

DQ23 

mm 


■a 

DQ14 

8 

DQ4 

26 

DQ8 

mm 

Bai 

mm 

DQ31 

9 

DQ20 

27 

DQ24 

■a 


mm 

DQ15 

10 

Vcc 

28 

A7 

mm 

m 

wm 

DQ32 

11 

NC 

29 

NC 

mm 

iiHSiiOjH 

mm 

DQ16 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

RAST 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

MS? 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ11 

71 

NC 

18 

A6 

36 

NC 

54 

DQ27 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (A0-A10) are executed at least every 
32ms, regardless of sequence. The CBR R EFRES H cycle will 
invoke the refresh counter for automatic RAS addressing. 
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FUNCTIONAL BLOCK DIAGRAM 
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TRUTH TABLE 


FUNCTION 


CAS 

WE" 

ADDRESSES 

DATA IN/OUT 

tR 

*c 

DQ1-DQ32 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H— L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H->L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

■7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) ..0°C to +70°C 

Storage Temperature (Plastic) . -55°C to +125°C 

Power Dissipation 16W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

RAS0-RAS3 

111 

-8 

8 

pA 


A0-A10, WE 

Il2 

-32 

32 

pA 


CAS0-CAS3 

Il3 

-8 

8 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ32 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

32 

32 

32 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

16 

16 

16 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = *RC (MIN)) 

ICC3 

976 

816 

696 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = X PC (MIN)) 

ICC4 

656 

576 

496 

mA 

3,4 

REFRESH CURRENT: MS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: >RC = 'RC (MIN)) 

ICC5 

976 

816 

696 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = 'RC (MIN)) 

ICC6 

976 | 

816 

696 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A1 0 

Cn 


102 

pF 

2 

Input Capacitance: WE 

Cl2 


134 

pF 

2 

Input Capacitance: RASO, RAS1 , RAS2, RAS3 

Cl3 


34 

pF 

2 

Input Capacitance: CASO, CAST, CAS2, CAS3 

Cl4 


34 

pF 

2 

Input/Output Capacitance: DQ1-DQ32 

Cio 


20 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 22) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

READ or WRITE cycle time 

l PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

n/a 


n/a 


n/a 


ns 

22 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

•CAC 


15 


20 


20 

ns 

15 

Access time from column address 

X AA 


30 


35 


40 

ns 


Access time from CAS precharge 

•CPA 


40 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

20 

45 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

'RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCR 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 

1 

ns 
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MICRON 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 22) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

■off 

0 

15 

0 

20 

0 

20 

ns 

20 

WE command setup time 

MCS 

0 


0 


0 


ns 


Write command hold time 

MCH 

10 


15 


15 


ns 


Write command hold time 

'WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

*WP 

10 


15 


15 


ns 


Write command to RAS lead time 

tRWL 

15 


20 


20 


ns 


Write command to CAS lead time 

! CWL 

15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


ns 

21 

Data-in hold time 

t DH 

10 


15 


15 


ns 

21 

Data-in hold time 

t DHR 

45 


55 


60 


ns 


(referenced to RAS) 










Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048 cycles) 

•REF 


32 


32 


32 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 

'CSR 

5 


5 


5 


ns 

5 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

l CHR 

15 


15 


15 


ns 

5 

(CAS-BEFORE-RAS refresh) 










WE hold time 

MRH 

10 


10 


10 


ns 

24 

(^AS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

10 


10 


10 


ns 

24 

(CAS-BEFORE-RAS refresh) 










WE hold time 

Mth 

10 


10 


10 


ns 

24 

(WCBR test cycle) 










WE setup time 

MTS 

10 


10 


10 


ns 

24 

(WCBR test cycle) 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS) 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjis is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If 4 RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 


15. Assumes that *RCD > *RCD (MAX)/ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for 'CFN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by 'CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. HVTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of hA/RP and *WRH in the 
CBR refresh cycle. 
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EA5-ONLY REFRESH CYCLE 

(ADDR = A0-A10; WE = DON’T CARE) 



CE5-BEFORE-1W5 REFRESH CYCLE 

(AQ-A10- DON’T CARE) 



HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 


RAS vJlZ 


V.L- ; 



Iras 

1- tRP - l 

l RAS 





1- 

i k^RP 

* 

/ 

•rcd 

‘RSH 

k/HR 



1 




'-J 

*AR 






I l RAD 


l RAL 


^asrI 

l RAH 


l ASC 

l CAH 







-m 

; R0W ; 

‘ COLUMN 


W///////A 


| DON’T CARE 
I UNDEFINED 
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MT9D25636 
256K x 36 DRAM MODULE 



ON 


DRAM 

MODULE 


256 K x 36 DRAM 

FAST PAGE MODE 


FEATURES 

• Common RAS control pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5 V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 27mW standby; l,575mW active/typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms 

• FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

• Part Number Example: MT9D25636G-6 


GENERAL DESCRIPTION 

The MT9D25636 is a randomly accessed solid-state 
memory containing 262,144 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits which are 
entered 9 bits (A O -A8) at a time. RAS is used to latch the first 
9 bits and CAS th e latt er 9 bits. READ or WRI TE cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address stro bed-in by R AS 
followed by a column address strobed-in by CAS. CAS may 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-11) 


MT9D25636M/G 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CAST 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

CAS? 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

zm 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

EA ST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

hasit 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

NC 

63 

DQ16 

10 

VCC 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

w 

65 

DQ17 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

RftSO 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 



D 

J3 

> 


O 

a 


m 


be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addr esses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1 


• DQ8 


CAS2 

CAS3 


DQ9, 18, 27, 36 


DQ10- 


- DQ17 



U1-U4, U6-U9 = MT4C4256DJ 
U5 = MT4C4259DJ 


NOTE: Due to the use of a Quad CAS parity DRAM, RASO is common to all devices. 
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TRUTH TABLE 


FUNCTION 

RA$ 

CA? 

WE" 

ADDRESSES 

DATA IN/OUT 


*c 

DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 


COL 

Data Out 

EARLY-WRITE 

L 

L 

L 




FAST-PAGE-MODE 

READ 

1st Cycle 

L 

TS15!I 

H 



Data Out 

2nd Cycle 

L 


H 

n/a 

WEsm 


FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 


L 



Data In 

2nd Cycle 

L 


L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 


n/a 


HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

“6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 4, 6, 23) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

CAS0-CAS3 

111 

-6 

6 

pA 


A0-A8, WE 

Il2 

-18 

18 

pA 


RASO 

1 13 

-18 

18 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ..-55°C to +125°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

18 

18 

18 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

9 

9 

9 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

810 

720 

630 

mA 

2, 23 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = ! PC (MIN)) 

ICC4 

630 

540 

450 

mA 

2, 23 

REFRESH CURRENT: MS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: x RC = *RC (MIN)) 

ICC5 

810 

720 

630 

mA 

2 

REFRESH CURRENT: CAS-BEF0RE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

810 

720 

630 

mA 

2, 19 


MT9D25636 
REV. 4/92 


3-192 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 




MICRON 

m TECHNOLOGY, INC. 


MT9D25636 
256K x 36 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


58 

pF 

17 

Input Capacitance: WE 

Cl2 


76 

PF 

17 

Input Capacitance: RASO 

Cl3 


76 

pF 

17 

Input Capacitance: CASO, CAS1 , CAS2, CAS3 

Cl4 


25 

PF 

17 

Input/Output Capacitance: DQ1-DQ36 

ClO 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

6 


7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

l RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE READ or WRITE 

'PC 

40 


40 


45 


ns 


cycle time 










FAST-PAGE-MODE READ-WRITE 

*PRWC 

n/a 


n/a 


n/a 


ns 

21 

cycle time 










Access time from RAS 

*RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

•CAC 


20 


20 


20 

ns 

9 

Output Enable 

*OE 


20 


20 


20 

ns 


Access time from column address 

• AA 


30 


35 


40 



Access time from CAS precharge 

'CPA 


35 


40 


45 



RAS pulse width 

' RAS 

60 

100,000 

70 

100,000 

80 

100,000 

KlSSBI 


RAS pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

B 


RAS hold time 

tRSH 

20 


20 


20 


KEK 


RAS precharge time 

l RP 

40 


50 


60 


kom 


CAS pulse width 

>CAS 

20 

100,000 

20 

100,000 

20 

100,000 

BF^ff 


CAS hold time 

'CSH 

60 


70 


80 


B 


CAS precharge time 

*CPN 

10 


10 


10 


ns 

18,22 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

V\SR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

24 

address delay time 










Column address setup time 

>ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 

'AH 

45 


55 


60 


ns 


(referenced to RAS) 










Column address to 

l RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

*RCS 

0 


0 


0 


ns 


Read command hold time 

t RCH 

0 


0 


0 


ns 

14 

(referenced to CAS) 










Read command hold time 

'RHH 

0 


0 


0 


ns 

I 4 

(referenced to RAS) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (0°C <T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turnoff delay 

kDFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup^ime 

*wcs 

0 


0 


0 


ns 


Write command hold time 


10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 


45 


55 


60 


ns 


Write command pulse width 


10 


15 


15 


ns 


Write command to RAS lead time 

1 

20 


20 


20 


ns 


Write command to CAS lead time 


20 


20 


20 


ns 


Data-in setup time 

{ DS 

0 


0 


0 


ns 

15 

Data-in hold time 


15 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 




55 


60 


ns 


Transition time (rise or fall) 

*r 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

'REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 



/ 

nn 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

tCHR 

10 






| 

19 

Last CAS going LOW to first 

CAS to return HIGH 

'CLCH 

10 


10 


10 

i 

ns 

22 
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NOTES 

1 . All voltages referenced to V ss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles bef ore pro per 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the *REF 
refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssum es that l RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either t RCH or t RRH must be satisfied for a READ 

cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data out (Q) 
will be maintained from the previous cyc le. To initiate 
a new cycle and clear the data-out buffer, CAS must 
be pulsed HIGH for t CP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 

grounded on U1-U9. 

Last falling CASx edge to first rising CASx edge. 

Icc is dependent on cycle rates. 

Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. J RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


22 . 

23. 

24. 


IT9D25636 
IEV. 4/92 


3-195 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


I DRAM MODULE 



MICZRQN 

■ TECHNOLOGY, INC. 


MT9D25636 
256K x 36 DRAM MODULE 




MICRON 

■ TECHNOLOGY, INC. 


MT9D25636 
256K x 36 DRAM MODULE 








■ DRAM MODULE 


MT9D25636 
256K x 36 DRAM MODULE 




EE5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CSS-BEF0RE-RA5 REFRESH CYCLE 

(A0-A8, WE = DON’T CARE) 


1 

*RP 

'RAS 

*RP 

\ 


% 


RAS v'F f\ 

, . *CSR _ 

'RPC , 'CSR 

1 'CHR . , 

1 'CHR 


r " 

, *CPN l rl 'CLCH 

l_ 

r 


n i- 

'CLCH 

L 


j nr 


- K-w «L 

m m 

mi 


0,0 «gr:- 


HIDDEN REFRESH CYCLE 2 ° 

(WE = HIGH) 

(READ) (REFRESH) 
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MICRON 
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MT10D25636 
256K x 36, 512K x 18 DRAM MODULE 


DRAM 

MODULE 


256K x 36, 512K x 18 

FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 30mW standby; l,750mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-MS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms 

• FAST P AGE M ODE access cycle 

• Multiple RAS lines allow xl8 or x36 width 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

• Part Number Example: MT10D25636G-6 


GENERAL DESCRIPTION 

The MT10D25636 is a randomly accessed solid-state 
memory containing 262,144 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (AO -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR IT E cycl e, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-13) 



PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

HAS? 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

HAS? 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

HAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

HAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

RAS0 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

NC 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WE 

65 

DQ17 

12 

AO 

30 

Vcc , 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

RAS? 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1 


• DQ8 


DQ9, DQ18 


DQ10- 


-DQ17 


CASO 

CAST 

RASO 


CAS2 

CAS3 

RAS2 



U1-U8 = MT4C4256DJ 
U9, U10 = MT4C4259DJ 
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TRUTH TABLE 


FUNCTION 

RAS 

ESS" 

m 

ADDRESSES 

DATA IN/OUT 

*R 

*C 

DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L-H 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L-H 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L—H— L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H—L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

■6 

-7 

■8 

PRD1 



Vss 

PRD2 



NC 


NC 



PRD4 

NC 

NC 
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MT10D25636 
256K x 36, 512K x 18 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ...-55°C to +125°C 

Power Dissipation 10W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under /'Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,2,3, 6, 23) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

CAS0-CAS3 

111 

-6 

6 

pA 


A0-A8, WE 

Il2 

-20 

20 

pA 


RASO, RAS2 

Il3 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

20 

20 

20 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

10 

10 

10 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

900 

800 

700 

mA 

2, 23 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = *PC (MIN)) 

ICC4 

700 

600 

500 

mA 

2, 23 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = l RC (MIN)) 

ICC5 

900 

800 

700 

mA 

2 

REFRESH CURRENT: CAS- BE FORE- RAS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = X RC (MIN)) 

ICC6 

900 

800 

700 

mA 

2, 19 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cii 


64 

PF 

17 

Input Capacitance: WE 

Cl2 


84 

pF 

17 

Input Capacitance: RASO, RAS2 

Cl3 


42 

PF 

17 

Input Capacitance: CASO, CAS1 , CAS2, CAS3 

Cl4 


25 

PF 

17 

Input/Output Capacitance: DQ1 -DQ36 

Cio 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 , 

-7 

8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

•pc 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

l PRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

’RAC 


60 


70 


80 

ns 

8 




o 

CM 


20 


20 

ns 

9 

Output Enable 

*OE 


20 


20 


20 

ns 


Access time from column address 

X AA 


30 


35 


40 

ns 


Access time from CAS precharge 

’CPA 


IK3H 


40 


45 

ns 


RAS pulse width 


60 


70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 


60 

H 

70 

100,000 

80 

100,000 

ns 


RAS hold time 


20 


20 


20 


ns 


RAS precharge time 


40 


50 


60 


ns 


CAS pulse width 

wmm 

20 

ma 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

■BEE1B 

60 


70 


80 


ns 


CAS precharge time 

■Errs 

10 


10 


10 


ns 

18, 23 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

’RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

’CRP 

5 


5 


5 


ns 


Row address setup time 

’ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

25 

Column address setup time 

X ASC 

0 


0 


0 


ns 


Column address hold time 

’CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

X AR 

45 


55 


60 


ns 


Column address to 

RAS lead time 

t RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

14 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

T 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

*OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

*wcs 

0 


0 


0 


ns 


Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

M/CR 

45 






ns 


Write command pulse width 

*WP 

10 


15 


15 


ns 


Write command to RAS lead time 

4 RWL 

20 


20 


20 




Write command to CAS lead time 

'cwu 

20 


20 


20 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 

15 

Data-in hold time 

t DH 

15 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 






ns 


Transition time (rise or fall) 

'T 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

t REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

! chr 

10 


15 


15 


ns 

19 

Last CAS going LOW to 

First CAS to return HIGH 

'CLCH 

10 


10 


10 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOfis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssume s that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either *RCH or t RRH must be satisfied for a READ 

cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for klP. 

On-chip refresh and address counters are enabled. 

A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U9. 

Last falling CASx edge to first rising CASx edge. 

Icc is dependent on cycle rates. 

Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


18. 


19. 

20 . 

21 . 


22 . 

23. 

24. 
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FAST-PAGE-MODE READ CYCLE 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



UNDEFINED 

1 FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 
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RA5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 


*RAS || JRP_ 



5A5-BEF0RE-R55 REFRESH CYCLE 

(A0-A8, WE = DON’T CARE) 


sr :_/ 


, *CSR 1 1 t CHR , 

1 l RPC 

i *CSR 1 1 *CHR , 


, *cpn rr 

*CLCH t 

1 _ 

r 


i >CLCH 

i 4 



W Tj 

m 


HIDDEN REFRESH CYCLE 2 ° 

(WE = HIGH) 


(READ) (REFRESH) 
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MT6D118 

1 MEG x 18 DRAM MODULE 


DRAM 1 MEG x 18 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 18mW standby; l,250mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• FAST PAGE MODE access cycle 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

- 6 

- 7 

- 8 


• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 


• Part Number Example: MT6D118G-6 


GENERAL DESCRIPTION 

The MT6D1 18 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a xl8 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 ad dress bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR IT E cycl e, data-in (D) is latched by the 
falling edge of WE or CA S, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-16) 


MT6D118M/G 

|o o 

1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

NC 

56 

NC 

3 

NC 

21 

NC 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CAS0 - 

58 

NC 

5 

NC 

23 

NC 

41 

NC 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

NC 

60 

NC 

7 

NC 

25 

NC 

43 

CAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

RASO" 

62 

NC 

9 

NC 

27 

NC 

45 

NC 

63 

DQ16 

10 

VCG 

28 

A7 

46 

NC 

64 

NC 

11 

NC 

29 

NC 

47 

Wet 

65 

DQ17 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

A9 

50 

NC 

68 

PRD2 

15 

A3 

33 

NC 

51 

D.Q11 

69 

PRD3 

16 

A4 

34 

NC 

52 

NC 

70 

PRD4 

17 

A5 

35 

NC 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

NC 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms, 
regardless of sequence. The CBR refresh cycle will invoke 
the internal refresh counter for automatic RAS addressing. 


MT6D118 
REV. 4/92 


3-209 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW ■ DRAM MODULE 





NEW ■ DRAM MODULE 


MICRON 

B TECHNOLOGY. INC. 


MT6D118 

1 MEG x 18 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 


DQ1 


DQ9 


DQ10 


DQ18 



U1-U4 = MT4C4001JDJ 
U5-U6 = MT4C1024DJ 


TRUTH TABLE 


FUNCTION 

RAS 

I3BT 

WF 

ADDRESSES 

DATA IN/OUT 

*R 


DQ1-DQ18 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

HH_ 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-*L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-7 

-8 

-10 

PRD1 

X 

X 

X 

PRD2 

X 

X 

X 

PRD3 

X 

X 

X 

PRD4 

X 

X 

X 


X = “don’t care” 
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MICRON 

B TECHNOLOGY. INC. 


MT6D118 

1 MEG x 18 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 6W 

Short Circuit Output Current . 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 25) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

A0-A9, 

WE, RASO, 

111 

-12 

12 

t*A 


CASO, CAS1 

Il2 

-6 

6 

t*A 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ18 

loz 

-10 

10 

.ma 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

12 

12 

12 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

6 

6 

6 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC3 

620 

560 

500 

mA 

2, 25 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = l PC (MIN)) 

ICC4 

450 

390 

330 

mA 

2,25 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = l RC (MIN)) 

ICC5 

620 

560 

500 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RA5 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = 'RC (MIN)) 

ICC6 

620 

560 

500 

mA 

2, 19 
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ON 

TECHNOLOGY, INC. 


MT6D118 

1 MEG x 18 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


38 

PF 

17 

Input Capacitance: WE 

Cl2 


50 

pF 

17 

Input Capacitance: RASO 

Cl3 


50 

PF 

17 

Input Capacitance: CASO, CAS1 

Cl4 


25 

PF 

17 

Input/Output Capacitance: DQ1 -DQ1 8 

ClO 


15 

pF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 9, 10, 11, 16, 21) (0°C <T A < 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


. ... -6 . 


7 

-8 __ 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

X RC 

110 


130 


150 


ns 


FAST PAGE MODE cycle time 

l PC 

40 


40 


45 


ns 


Access time from RAS 

*RAC 

60 



70 


80 

ns 


Access time from CAS 

'CAC 

15 



20 


20 

ns 


Access time from column address 

*AA 

30 



30 


35 

ns 


Access time from CAS precharge 

tCPA 

35 



35 


40 

ns 


RAS pulse width 

X RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

X RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

! CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

X RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS setup time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

X ASR 

0 


0 


0 


ns 


RAS to column 

*RAD 

15 

30 

15 

30 

15 

35 

ns 

23 

address delay time 










Row address hold time 

l RAH 

10 


10 


10 


ns 


Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

l CAH 

10 


15 


15 


ns 


Column address to 

*RAL 

30 


30 


35 


ns 


RAS lead time 










Column address hold time 

l AR 

50 


55 


60 


ns 


referenced to RAS 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


0 


ns 

14 

referenced to CAS 










CAS to output in Low-Z 

X CLZ 

0 


0 


0 


ns 


Read command hold time 

tRRH 

0 


0 


0 


ns 

14 

referenced to RAS 










Output buffer turn-off delay 

x OPF 

0 

15 

0 

20 

0 

20 

ns 

12 

WE command setup time 

WCS 

0 


0 


0 


ns 



MT6D118 
REV. 4/92 


3-212 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 








MT6D118 

1 MEG x 18 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 9, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


A.C. CHARACTERISTICS 


-6 


7 

_ -8 ' 1 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

•WCH 

10 


15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


60 


ns 


referenced to RAS 










Write command pulse width 

! WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

l CWL 

15 


20 


20 


ns 


Data-in setup time 

>DS 

0 


0 


0 


ns 

15 

Data-in hold time 

t DH 

10 


15 


15 


ns 

15 

Data-in hold time 

l DHR 

45 


55 


60 


ns 


referenced to RAS 










Transition time (rise or fall) 

l T 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (1024 cycles) 

’REF 


16 


16 


16 

ms 


CAS hold time 

tCHR 

15 


15 


15 


ns 

19 

(CAS-BEFORE-RAS REFRESH) 










CAS setup time 

*CSR 

10 


10 


10 


ns 

19 

(CAS-BEFORE-RAS REFRESH) 










RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


WE hold time 

*WRH 

10 


10 


10 


ns 

22 

(CAS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

10 


10 


10 


ns 

22 

(CAS-BEFORE-RAS refresh) 










WE hold time 

t WTH 

10 


10 


10 


ns 

22 

(WCBR test cycle) 










WE setup time 

l WTS 

10 


10 


10 


ns 

22 

(WCBR test cycle) 
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I^IICRON 


MT6D118 

1 MEG x 18 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any ei ght R AS REFRESH cycles (RAS- 
ONLY or CBR withWE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the t REF refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < t RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

9. A ssume s that 4 RCD > tRCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. ^FF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the t RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 


14. Either tRCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 

(Q) will be maintained from the previous cycle. To 

initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for kZP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 

22. HVTS and HVTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of HVRP and *WRH in the 
CBR refresh cycle. 

23. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

24. All other inputs at Vcc -0.2V. 

25. Icc is dependent on cycle rates. 
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(MICRON 


MT6D118 

1 MEG x 18 DRAM MODULE 


RA5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



DQ v§u OPEN- 


CA5-BEFORE-RAS REFRESH CYCLE 

(A0-A9 = DON’T CARE) 



HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) (REFRESH) 
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MT18D51236 
51 2K x 36 DRAM MODULE 


DRAM 

MODULE 


51 2K x 36 DRAM 

FAST PAGE MODE 


FEATURES 

• Common RAS control per side pinout in a 72-pin 
single-in-line package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 54mW standby; l,602mW active, typical 

• Refresh modes: RAS^ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms 

• FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

• Part Number Example: MT18D51236G-6 


GENERAL DESCRIPTION 

The MT18D51236 is a randomly accessed solid-state 
memory containing 524,288 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (AO - A8) at a time. RAS is used to latch the first 
9 bits and CAS th e latt er 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) Within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-12) 


MT1 8D51 236M/G 

O 

o 

1 fTYmmYrmmY^ « nfTmrnmrrfmrrm 

MTtIMTfl 


1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CASO" 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

SAS2" 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

UAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

UA ST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

RASO 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

RAST 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WE 

65 

DQ17 

12 

AO 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

NC 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

RAST 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

RASO" 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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MT18D51236 
51 2K x 36 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 


NOTE: 




U1-U4, U6-U13, U15-U18 = MT4C4256DJ 
U5, U14 = MT4C4259DJ 

Due to the use of a Quad CAS parity DRAM, RASO is common to side 1 and RAS1 is common to side 2. 
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TRUTH TABLE 


FUNCTION 

RA$ 

CAS 

wr 

ADDRESSES 

DATA IN/OUT 

*R 

*C 

DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-4_-*H 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L-H 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

Hlgh-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

■8 

PRD1 

NC 

NC 

NC 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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MT18D51236 
51 2K x 36 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) ...-55°C to +125°C 

Power Dissipation 18W 

Short Circuit Output Current . 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,2,3, 6, 23) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1 ) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

CAS0-CAS3 

111 

-12 

12 

pA 


A0-A8, WE 

1 12 

-36 

36 

pA 


RA30, RAST 

1 13 

-18 

18 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

■7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

36 

36 

36 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

18 

18 

18 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = ! RC (MIN)) 

ICC3 

828 

738 

648 

mA 

2, 23 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: t PC = X PC (MIN)) 

ICC4 

648 

558 

468 

mA 

2, 23 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = ! RC (MIN)) 

ICC5 

828 

738 

648 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC6 

828 

738 

648 

mA 

2, 19 
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iL 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


115 

PF 

17 

Input Capacitance: WE 

Cl2 


151 

pF 

17 

Input Capacitance: RASO, RAS1 

Cl3 


76 

PF 

17 

Input Capacitance: CASO, CAS1 , CAS2, CAS3 

Cl4 


50 

pF 

17 

Input/Output Capacitance: DQ1 -DQ36 

Cio 


20 

pF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

•RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

9 

Output Enable 

tOE 


20 


20 


20 

ns 


Access time from column address 

! AA 


30 


35 


40 

ns 


Access time from CAS precharge 

•CPA 


35 


40 


45 

ns 


RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


HAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


20 


ns 


RAS precharge time 

X RP 

40 


50 


60 


ns 


CAS pulse width 

>CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

X CPH 

10 


10 


10 


ns 

18, 22 

CAS precharge time (FAST PAGE MODE) 

X CP 

10 


10 


10 


ns 


RAS to CAS delay time 

t RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

*CRP 

5 


5 


5 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

24 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAR 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

45 


55 


60 


ns 


Column address to 

RAS lead time 

'RAL 

30 


35 


40 


ns 


Read command setup time 

*RCS 

0 


o 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

! RRH 

0 


0 


0 


ns 

14 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (0°C <J A < 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 _ _ 

- 

7 

8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

GAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

*WCS 

0 


0 


0 


ns 


Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 

l WCR 

45 


55 


60 


ns 


(referenced to RAS) 










Write command pulse width 

twp 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


20 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

•dh 

15 


15 


15 


ns 

15 

Data-in hold time 

toHR 

45 


55 


60 


ns 


(referenced to RAS) 










Transition time (rise or fall) 

*r 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

'REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 

'CSR 

10 


10 


10 


ns 

19 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

tCHR 

10 


15 


15 


ns 

19 

(CAS-BEFORE-RAS refresh) 










Last CAS going LOW to 

•CLCH 

10 


10 


10 


ns 


First CAS to return HIGH 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lO Ojis is required after power-up 
followed by any eight RAS cycles bef ore pro per 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < tRCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, 4 RAC will increase by the amount that tRCD 
exceeds the value shown. 

9. A ssum es that tRCD > t RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if tRCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 

WRITE cycles are not available due to OE being 
grounded on Ul-U 18. 

22. Last falling CASx edge to first rising CASx edge. 

23. Icc is dependent on cycle rates. 

24. Operation within the tRAD (MAX) limit ensures that 
l RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by t AA. 
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FAST-PAGE-MODE READ CYCLE 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



jjjjjjj UNDEFINED 


IBB FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 
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HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 



DON’T CARE 
Ijjjjjj UNDEFINED 

11 FIRST TO LAST CAS TO TRANSITION 


(minimum of 1 , maximum of 4) 
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DRAM 

MODULE 


512K x 36, 1 MEG x 18 

FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 60mW standby; l,780mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms 

• FAST P AGE M ODE access cycle 

• Multiple RAS lines allow xl6 or x32 width 

MARKING 

- 6 

- 7 

- 8 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

• Part Number Example: MT20D51236G-6 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


GENERAL DESCRIPTION 

The MT20D51236 is a randomly accessed solid-state 
memory containing 524,288 words organized in a x36 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 18 address bits, which are 
entered 9 bits (AO -A8) at a time. RAS is used to latch the first 
9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (AO -A8) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-14) 


0 

1 fTTfTTmrrmT 

MT20D51 236M/G 

O 




1 36 37 72 


ism 

i mm 

EEH 

ili 

BED 


I3TCT1 


i 


mm 


mm 


EH 

HilfflHI 

mm 

ME3MM 

wa 

m 

■a 

mmnmikk 

mm 


mm 

EE5I0H 

mm 

mm 

KM 

Vss 

wm 

ESQB 

mm 

■bl&E 

■a 


El 


El 

liMM 

mm 

iilii 

KM 

ESBI 

mm 


EH 

Vcc 

6 

DQ3 

mm 

DQ7 

mm 


EH 


mm 


ei 

MiTpEHI 

wm 


wm 


mm 

MBTtWWm 

B1 

DQ8 

mm 


EH 

EfiTigglfl 

IBM 

DQ22 

27 

DQ26 

45 

rast 

63 

DQ16 

mm 

EEZSfll 

El 

A7 

46 

NC 

64 

DQ35 

mm 

NC 

El 

NC 

47 

we" 

65 

DQ17 

mm 

AO 

EH 

■HH 

48 

NC 

66 

NC 

■a 

A1 

mm 

A8 

49 

DQ10 

67 

PRD1 

■Si 

A2 

EH 

NC 

OillM 

DQ28 

68 

PRD2 

M2 

A3 

El 


mm 

DQ11 

69 

PRD3 

mm 

A4 

BE9 

WlkihwM 

mm 

DQ29 

70 

PRD4 

■a 

A5 

EH 

WEMM 


DQ12 

71 

NC 

mm 

A6 

EH 

DQ9 

mm 

DQ30 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 

operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 

DQ1 — — — DQ8 DQ9, 18 DQ10 DQ17 


mi mi i i mi mi 



DQ1 — DQ8 DQ9, 18 DQ10"— DQ17 



U1-U16 = MT4C4256DJ 
U17-U20 = MT4C4259DJ 
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TRUTH TABLE 


FUNCTION 

RAS 

CAS 

wr 

ADDRESSES 

DATA IN/OUT 

*R 


DQ1-DD36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L-H 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H— L— H 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L-H 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L-H 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss . -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 20W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 23) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V<Vin<Vcc 

(All other pins not under test = 0V) for each package input 

RAS0-RAS3 

111 

-10 

10 

ma 


A0-A8, WE 

Il2 

-40 

40 

pA 


CAS0-CAS3 

Il3 

-12 

12 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

40 

40 

40 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2 V) 

ICC2 

20 

20 

20 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

920 

820 

720 

mA 

2, 23 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS, Address Cycling: l PC = 'PC (MIN)) 

Average power supply current 

ICC4 

720 

620 

520 

mA 

2, 23 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

920 

820 

720 

mA 

2 

REFRESH CURRENT: CAS-BEFORE-MS 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = 'RC (MIN)) 

ICC6 

920 

820 

720 

mA 

2, 19 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


128 

PF 

17 

Input Capacitance: WE 

Cl2 


168 

pF 

17 

Input Capacitance: RASO, RAS1, RAS2, RAS3 

Cl3 


42 

PF 

17 

Input Capacitance: CASO, CAST", CAS2, CAS3 

Cl4 


50 

pF 

17 

Input/Output Capacitance: DQ1-DQ36 

Cio 


20 

pF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

^ 1 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE READ or WRITE 
cycle time 

tpc 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

tPRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

9 

Output Enable 

'OE 


20 


20 


20 

ns 


Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

l RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 

100,000 

80 

100,000 

hs 


RAS hold time 

tRSH 

20 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

tCSH 

60 


70 


80 


ns 


CAS precharge time 

l CPN 

10 


10 


10 


ns 

18, 22 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 


5 


5 


5 


ns 


Row address setup time 


0 


0 


0 


ns 




10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

24 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 


15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 





■1 

60 


ns 


Column address to 

RAS lead time 






40 


ns 


Read command setup time 


0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

*RCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

14 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < t A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

•OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

• wcs 

0 


0 


0 


ns 


Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

! WCR 

45 


55 


60 




Write command pulse width 

•WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


20 


ns 


Write command to CAS lead time 

•CWL 

20 


20 


20 


ns 


Data-in setup time 

•ds 

0 


0 


0 


ns 

15 

Data-in hold time 

l DH 

15 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

*DHR 

45 


55 


60 


ns 


Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

l REF 


8 


8 


8 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


GAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

10 


15 


15 


ns 

19 

Last CAS going LOW to 

First CAS to return HIGH 

•CLCH 

10 


10 


10 


ns 

22 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of 100 (is is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the tREF 
refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < t RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssum es that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

14. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= , 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ- MODI FY- 
WRITE cycles are not available due to OE being 
grounded on U1-U18. 

22. Last falling CASx edge to first rising CASx edge. 

23. Icc is dependent on cycle rates. 

24. Operation within the *RAD (MAX) limit ensures that 
tRCD (MAX) can be met. l RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 
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MT20D51236 

512K x 36, 1 MEG x 18 DRAM MODULE 



FAST-PAGE-MODE READ CYCLE 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



UNDEFINED 

BBI FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 
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RASa-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CAS-BEF0RE-EA5 REFRESH CYCLE 

(A0-A8, WE = DON’T CARE) 


RAS 


CASx 



, *CSR | 1 *CHR 

1 

j *RPC 

i f CSR 1 1 *CHR , 


, l CPN 1 | 

‘CLCH 

1 ! 



*CLCH 

L 

1 I | 


L_ ■ . .. • ■! 


sr ~-M 1 




D t0 vJol — -OPEN- 


HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) (REFRESH) 



11 FIRST TO LAST CAS TO TRANSITION 
(minimum of 1, maximum of 4) 
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DRAM 1 MEG x 36 DRAM 

MODULE FAST PAGE MODE 



FEATURES 

• Common RAS control pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 27mW standby; 2,175mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• FAST PAGE MODE access cycle 

OPTIONS MARKING 

• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

► Part Number Example: MT9D136G-6 


GENERAL DESCRIPTION 

The MT9D136 is a randomly accessed solid-state memory 
:ontaining 1,048,576 words organized in a x36 configura- 
ion. During READ or WRITE cycles, each bit is uniquely 
iddressed through the 20 address bits which are entered 10 
)its (A0 -A9) at a time. RAS is used to latch the first 10 bits 
md CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
£EAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data-in (D) is latched by the 
ailing edge of WE or CAS, whichever occurs last. If WE 
;oes LOW prior to CAS going L OW, th e output pin(s) 
emain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
ions (READ or WRITE) within a row-address (A0-A9) 
lefined page boundary. The FAST PAGE MODE cycle is 
ilways initiated with a row address strobed-in by RAS 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
corre ct state by maintaining power and execu ting any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1 


-DQ8 


DQ9, 18, 27, 36 


DQ10- 


■ DQ17 



CAS2 

CAS3 


U1-U4, U6-U9 = MT4C4001 JDJ 
U5 = MT4C4004JDJ 


NOTE: Due to the use of a Quad CAS DRAM, RASO is common to all devices. 
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TRUTH TABLE 


FUNCTION 

rast 

CAS 

WE 

ADDRESSES 

DATA IN/OUT 

! R 

>c 

DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 


ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L—H—L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-*L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°G to +150°C 

Power Dissipation 9W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1, 2, 3, 6, 23) (0°C < T A S 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) For each package input 

CAS0-CAS3 

111 

-6 

6 

pA 


A0-A8, WE, 
RASO 

Il2 

-18 

18 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

v 



MAX 


PARAMETER/CONDITION 

SYMBOL 

^6 

-7 

■8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

18 

18 

18 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

9 

9 

9 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = { RC (MIN)) 

ICC3 

990 

900 

810 

mA 

2, 23 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = l PC (MIN)) 

ICC4 

720 

630 

540 

mA 

2, 23 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

990 

900 

810 

mA 

2 

REFRESH CURRENT: UAS-BEFORE-TOS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

990 

900 

810 

mA 

2, 19 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


58 

PF 

17 

Input Capacitance: WE 

Cl2 


76 

PF 

17 

Input Capacitance: RASO 

Cl3 


76 

PF 

17 

Input Capacitance: CASO, CAST", CAS2, CA$3 

Cl4 


25 

PF 

17 

Input/Output Capacitance: DQ1-DQ36 

ClO 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A S 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

<RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

'PRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

•RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

*CAC 


15 


20 


20 

ns 

9 

Output Enable 



15 


20 


20 

ns 


Access time from column address 



30 


35 


40 

ns 


Access time from CAS precharge 



35 


40 


45 

ns 


RAS pulse width 

tozum 

60 

100,000 

70 

B 

80 


ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 


100,000 





15 


20 


20 


ns 


RAS precharge time 

'RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 




60 


70 


80 


ns 




10 


10 


10 


ns 




10 


10 


10 


ns 


RAS to CAS delay time 

tRCD 

20 

45 

20 

50 

20 

60 > 

ns 

13 

CAS to RAS precharge time 

t CRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 














0 


0 


0 


ns 



'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AH 

50 


E§9 






Column address to 

RAS lead time 

l RAL 

30 








Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 




ns 

14 

Read command hold time 
(referenced to RAS) 

'RRH 

0 


0 


0 


ns 

14 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (0°C < T A < 70°C; Vco = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 1 

- 

7 

l ± 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

*CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

l OFF 

0 

15 

0 

20 

0 

20 

ns 

12 

WE command setup time 

1 wcs 

0 


0 


0 


ns 


Write command hold time 

l WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

l WCR 

45 


55 


60 


ns 


Write command pulse width 

t W p 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


20 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

15 

Data-in hold time 

*DH 

10 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

l DHR 

45 


55 


60 


ns 


Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (1,024 cycles) 

‘REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

t RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

*CHR 

15 


15 


15 


ns 

19 

WE hold time 

(CAS-BEFORE-RAS refresh) 

X \NRH 

10 


10 


10 


ns 


WE setup time 
(CAS-BEFORE-RAS refresh) 

! WRP 

10 


10 


10 


ns 


WE hold time 
(WCBR test cycle) 

tWTH 

10 


10 


10 


ns 


WE setup time 
(WCBR test cycle) 

tWTS 

10 


10 


10 


ns 


Last CAS going LOW to 

First CAS to return HIGH 

’CLCH 

10 


10 


10 

' .1 


ns 

' ' i 

22 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any ei ght R AS REFRESH cycles (RAS- 
ONLY or CBR withWE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the tREF refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that 4 RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. Assumes that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. 4 OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by kTAC. 

14. Either f RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS).__ 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for l CP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1-U9. 

22. Last falling CASx edge to first rising CASx edge. 

23. Icc is dependent on cycle rates. 

24. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 
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BaS-only refresh cycle 

(ADDR = A0-A9; WE = DON’T CARE) 



CA5-BEFORE-IH5 REFRESH CYCLE 

(A0-A9 = DON’T CARE) 



HIDDEN REFRESH CYCLE 20 
(WE = HIGH) 


(READ) (REFRESH) 



Jf/j DON’T CARE 
[jjjjjj UNDEFINED 

Hi FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 
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DRAM 

MODULE 


1 MEG x 36, 2 MEG x 18 

FAST PAGE MODE (MT12D136) 

LOW POWER, 

EXTENDED REFRESH (MT12D136 L) 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 36mW (9.2mW L-version) standby; 
2,500mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 

• FAST PAGE MODE access cycle 

• Low CMOS standby current, 2.4mA maximum 

(L-version) 

• Multiple RAS lines allow xl8 or x36 width 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

• Packages 

Leadless 72 -pin SIMM 

M 

Leadless 72 -pin SIMM (Gold) 

G 

• Power/Refresh 


Normal Power/ 16ms 

Blank 

Low Power/ 128ms 

L 


• Part Number Example: MT12D136GL-6 

GENERAL DESCRIPTION 

The MT12D136 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x36 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR IT E cycl e, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-19) 


O;' 

1 

MT12D136M/G 

6 

i 1 1 1 1 1 1 1 ii ii 1 1 1 1 1 1 1 i 1 1 ii 1 1 1 1 1 1 1 1 i 1 1 1 1 ^ rriTnTrm^^ i 


36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

VSS 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

SASOT 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

CAS2 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

FAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

CAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

RASOT 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

NC 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WF 

65 

DQ17 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

WS2 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1 


DQ9 


DQ10 


DQ18 



U1-U8 = MT4C4001JDJ 
U9-U12 = MT4C1024DJ 
or 

U1-U8 - MT4C4001JDJ L (L-version) 
U9-U12 = MT4C1024DJ L (L-version) 
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TRUTH TABLE 


FUNCTION 

MS' 

MS' 

WE 

ADDRESSES 

DATA IN/OUT 

! R 


DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L— H— L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H-L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 22) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

CAS0-CAS3 

In 

-6 

6 

pA 


A0-A9, WE 

Il2 

-24 

24 

pA 


RASO, RAS2 

Il3 

-12 

12 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

■7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

24 

24 

24 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC2 

12 

12 

12 

mA 


2.4 

2.4 

2.4 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC3 

1240 

1120 

1000 

mA 

2, 22 

1220 

1100 

980 

mA 

2,22,24 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: ! PC = 'PC (MIN)) 

ICC4 

920 

800 

680 

mA 

2, 22 

900 

780 

660 

mA 

2,22,24 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

1240 

1120 

1000 

mA 

2 

1220 

1100 

980 

mA 

2, 24 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 
(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

1240 

1120 

1000 

mA 

2, 19 

1220 

1100 

980 

mA 

2,19,24 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = ! RAS (MIN) to 
300ns; WE = Vcc -0.2; A0-A9 and Din = Vcc -0.2V or 0.2V 
(Din may be left open), ! RC = 1 25jis (1 ,024 rows at 1 25|is = 1 28ms) 

ICC7 

3.2 

3.2 

3.2 

mA 

24 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) .......... 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +15Q°C 

Power Dissipation 12W 

Short Circuit Output Current 50mA 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


77 

PF 

17 

Input Capacitance: WE 

Cl2 


101 

pF 

17 

Input Capacitance: RASO, RAS2 

Cl3 


50 

PF 

17 

Input Capacitance: CASO, CAS1 , CAS2, CAS3 

Cl4 


25 

pF 

17 

Input/Output Capacitance: DQ1-DQ36 

Cio 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 1 1, 16, 21) (0°C < T A < 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 



6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE 

‘PC 

40 


40 


45 


ns 


READ or WRITE cycle time 










FAST-PAGE-MODE 

tPRWC 

n/a 


n/a 


n/a 


ns 

21 

READ-WRITE cycle time 










Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

‘CAC 


15 


20 


20 

ns 

9 

Output Enable 

'OE 


15 


20 


20 

ns 


Access time from column address 

*aa 


30 


35 


40 

ns 


Access time from CAS precharge 

tCPA 


35 


40 


45 

ns 


RAS pulse width 

‘RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


HAS pulse width (FAST PAGE MODE) 

‘F1ASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

‘RSH 

15 


20 


20 


ns 


RAS precharge time 

f RP 

40 


50 


60 


ns 


CAS pulse width 

‘CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

*CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

*CRP 

10 


10 


10 


ns 


Row address setup time 

‘ASR 

0 


0 


0 


ns 


Row address hold time 

*RAH 

10 


10 


10 


ns 


RAS to column 

! RAD 

15 

30 

15 

35 

15 

40 

ns 

23 

address delay time 










Column address setup time 

‘ASC 

0 


0 


0 


ns 


Column address hold time 

‘CAH 

10 


15 


15 


ns 


Column address hold time 

‘AR 

50 


55 


60 


ns 


(referenced to RAS) 










Column address to 

l RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

tRCS 

0 


0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


0 


ns 

14 

(referenced to CAS) 










Read command hold time 

tRRH 

0 


0 


0 


ns 

14 

(referenced to RAS) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6 , 7, 10, 11, 16, 21) (0°C<T A <70°C; Vce = 5V±10%) 


AC CHARACTERISTICS 


-6 

-7 


HHM 


PARAMETER 


MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 


CAS to output in Low-Z 


0 


0 


0 


ns 


Output buffer turn-off delay 


0 


0 

20 

0 

20 

ns 

12 

WE command setup time 

•wcs 

0 


0 


0 


ns 


Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

l WP 

10 


15 


15 


ns 


Write command to RAS lead time 

*RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

tCWL 

15 


20 


20 


ns 


Data-in setup time 

l DS 

0 


0 


0 


ns 

15 

Data-in hold time 

l DH 

10 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

t DHR 

45 




60 


ns 


Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (1 ,024 cycles) 

tREF 


16/128 







RAS to CAS precharge time 


0 


0 






CAS setup time 
(CAS-BEFORE-RAS refresh) 


10 




10 



19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 


15 


15 


15 




WE hold time 

(CAS-BEFORE-RAS refresh) 

*WRH 

10 


10 


10 


ns 


WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 


WE hold time 
(WCBR test cycle) 

'WTH 

10 


10 


10 


ns 


WE setup time 
(WCBR test cycle) 

*WTS 

10 


10 


10 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOjis is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR withWE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the *REF refresh 
requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < l RCD (MAX). If 4 RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssume s that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if t RCD is greater than the 
specified t RCD (MAX) limit, then access time is 
controlled exclusively by tAC. 

14. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD 883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V,- D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for klP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 

22. Icc is dependent on cycle rates. 

23. Operation within the tRAD (MAX) limit ensures that 
t RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

24. Applies to L- version only. 
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"R3S5-ONLY REFRESH CYCLE 

(AD DR = A0-A9; WE = DON’T CARE) 


|RC 

{ RAS . . ^RP_ 



CA5-BEF0RE-RS5 refresh cycle 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 24 

(A0-A9 = DON’T CARE) 
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DRAM 2 MEG x 36 DRAM 

MODULE FAST PAGE MODE 


FEATURES 

• Common RAS control per side pinout in a 72-pin 
single-in-line package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 54mW standby; 2,052mW acti ve, typ ical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms 

• FAST PAGE MODE access cycle 


OPTIONS 

MARKING 

• Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

-8 

• Packages 

Leadless 72 -pin SIMM 

M 

Leadless 72 -pin SIMM (Gold) 

G 

• Part Number Example: MT18D236G-6 


GENERAL DESCRIPTION 

The MT18D236 is a randomly accessed solid-state memory 
containing 2,097,152 words organized in a x36 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-12) 


0 

1 

MT18D236M/G 

O 

1 fTITTTTIIlIII ITT IIIIITTIITTTTITTTTTTl ^ lllllllllllllllllllllllllllllllllllll 1 


1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

TOC 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

TOT 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

TOT 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

TOT 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

TOC 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

TOT 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WE 

65 

DQ17 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

R AST 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

TOT 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addr esses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and execu ting any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms, 
regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 




NOTE: Due to the use of a Quad CAS parity DRAM, RASO is common to side 1 and RAS1 is common to side 2. 
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TRUTH TABLE 


FUNCTION 

BAS' 

JM 

WE 

ADDRESSES 

DATA IN/OUT 

tR 

! c 

DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 


H 

ROW 

COL 

Data Out 

2nd Cycle 

L 


H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

■BW 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

KljTjSI 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

1 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-H. 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

■6 

-7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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MT18D236 
2 MEG x 36 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss .............. -IV to +7V 

Operating Temperature, T A (Ambient) .; 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 18W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 23) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < Vcc 

(All other pins not under test = 0 V) For each package input 

CAS0-CAS3 

In 

-12 

12 

pA 


A0-A9, WE 

Il2 

-36 

36 

LiA 


RASO, RAS1 

Il3 

-18 

18 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) For each package input 

DQ1-DQ36 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

36 

36 

36 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

18 

18 

18 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

1008 

918 

828 

mA 

2, 23 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

738 

648 

558 

mA 

2, 23 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = 'RC (MIN)) 

ICC5 

1008 

918 

828 

mA 

2 

REFRESH CURRENT: CA5-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = 'RC (MIN)) 

ICC6 

1008 

918 

828 

mA 

2, 19 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cm 


115 

PF 

17 

Input Capacitance: WE 

Cl2 


151 

pF 

17 

Input Capacitance: RASO, RAS1 

Cl3 


76 

PF 

17 

Input Capacitance: CASO, CAS1 , CAS2, CASS 

Cl4 


50 

PF 

17 

Input/Output Capacitance: DQ1-DQ36 

Cio 


20 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6, 21 ) (0°C < T A < 70°C; Vcc = 5V +1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE 

READ or WRITE cycle time 

! PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

'PRWC 

n/a 


n/a 


n/a 


ns 

21 


eesi 


60 


70 


80 

ns 

8 


'CAC 


15 


20 


20 

ns 


Output Enable 

x O£ 


15 


20 


20 

ns 


Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

‘CPA 


35 


40 


45 

ns 


RAS pulse width 

*RAS 

60 

100,000 

TO 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

<RSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

‘CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

tCPN 

10 


10 


10 


ns 

18, 22 

CAS precharge time (FAST PAGE MODE) 

‘CP 

10 


10 


10 


ns 


RAS to CAS delay time 

tRCD 

20 

45 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

*CRP 

10 


10 


10 


ns 


Row address setup time 

‘ASR 

0 


0 


0 


ns 


Row address hold time 

t RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

24 

Column address setup time 

•ASC 

0 


0 


0 


ns 


Column address hold time 

'CAR 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

t RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

! RCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


0 


0 


ns 

14 
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MICRON 

I TECHNOLOGY, INC. 


MT18D236 
2 MEG x 36 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 


7 

-8 


| 

PARAMETER 

SYM 

MIN 

MAX 

■H 

MAX 

KB 

MAX 



CAS to output in Low-Z 

<CLZ 

0 


0 


0 


ns 




0 

15 

0 

20 

0 

20 

ns 

12 

WE command setup time 


0 


0 


0 


ns 


Write command hold time 


10 


15 


15 




Write command hold time 

*WCR 

45 


55 


60 




(referenced to RAS) 










Write command pulse width 

tWP 

10 


15 


15 


ns 


Write command to RAS lead time 

'RWL 

15 


20 


20 


ns 


Write command to CAS lead time 


15 


20 


20 


ns 


Data-in setup time 

*DS 

0 


0 


0 


HE?l£i 

15 

Data-in hold time 

t DH 

10 


15 


15 


■m 






55 


60 












flfl 

1 

Transition time (rise or fall) 

*T 

3 

50 

3 

50 

3 

50 

ns 

5,16 

Refresh period (1 ,024 cycles) 

l REF 


16 


16 


16 

ms 


RAS to CAS precharge time 

tRPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

10 


10 


10 


ns 

19 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

*CHR 

15 


15 


15 


ns 

19 

(CAS-BEFORE-RAS refresh) 










WE hold time 

'WRH 

10 


10 


10 


ns 


(CAS-BEFORE-RAS refresh) 










WE setup time 

'WRP 

10 


10 


10 


ns 


(CAS-BEFORE-RAS refresh) 










WE hold time 

tWTH 

10 


10 


10 


ns 


(WCBR test cycle) 










WE setup time 

'WTS 

10 


10 


10 


ns 


(WCBR test cycle) 










Last CAS going LOW to first 

'CLCH 

10 


10 


10 


ns 


CAS to return HIGH 


i 


; 
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MT18D236 
2 MEG x 36 DRAM MODULE 



NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eig ht R AS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the t REF refresh 
requirement is exceeded. 

4. AC characteristics assume fc T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssum es that *RCD > 4 RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V/D C bias = 2.4V & 15mV RMS)._ 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or READ-MODIFY- 
WRITE cycles are not available due to OE being 
grounded on U1- U18. 

Last falling CASx edge to first rising CASx edge. 

Icc is dependent on cycle rates. 

Operation within the tRAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


22 . 

23. 

24. 
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MT18D236 
2 MEG x 36 DRAM MODULE 



FAST-PAGE-MODE READ CYCLE 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



jjj$j UNDEFINED 


M FIRST TO LAST CAS TO TRANSITION 
(minimum of 1 , maximum of 4) 
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MT18D236 
2 MEG x 36 DRAM MODULE 


RA5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CSR-BEFORE-EES refresh cycle 

(A0-A9 = DON’T CARE) 



HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 


(READ) 


(REFRESH) 
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MT24D236 

2 MEG x 36, 4 MEG x 18 DRAM MODULE 


DRAM 

MODULE 


2 MEG x 36, 4 MEG x 18 

FAST PAGE MODE (MT24D236) 

LOW POWER, 

EXTENDED REFRESH (MT24D236 L) 


EATURES 

Industry standard pinout in a 72-pin single-in-line 
package 

High-performance, CMOS silicon-gate process 
Single 5V ±10% power supply 
All device pins are fully TTL compatible 
Low power, 72mW (18.4mW L-version) standby; 
2,536mW active, typical 

Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 

FAST PAGE MODE access cycle 

Low CMOS standby current, 4.8mA maximum 

(L-version) 

Multiple RAS lines allow xl8 or x36 width 


iPTIONS 

MARKING 

Timing 

60ns access 

- 6 

70ns access 

- 7 

80ns access 

- 8 

Packages 

Leadless 72 -pin SIMM 

M 

Leadless 72-pin SIMM (Gold) 

G 

Power /Refresh 

Normal Power/ 16ms 

Blank 

Low Power/ 128ms 

L 


Part Number Example: MT24D236GL-6 

ENERAL DESCRIPTION 

The MT24D236 is a randomly accessed solid-state memory 
ntaining 2,097,152 words organized in a x36 configura- 
>n. During READ or WRITE cycles, each bit is uniquely 
dressed through the 20 address bits, which are entered TO 
:s (A0-A 9) at a time. RAS is used to latch the first 10 bits 
d CAS the lat ter 1 0 bits. A READ or WRITE cycle is 
lected with the WE input. A logic HIGH on WE dictates 
iAD mode while a logic LOW on WE dictates WRITE 
Dde. During a WR I TE cyc le, data-in (D) is latched by the 
ling edge of WE or CAS, whichever occurs last. EARLY 
RITE occurs when WE goes LOW prior to CAS going 
)W, and the output pin(s) remain open (High-Z) until the 
xt CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
ms (READ or WRITE) within a row-address (A0-A9) 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-20) 


MT24D236M/G 



36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

NC 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CA50 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

CAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

CAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

HAST 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

HA ST 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WE" 

65 

DQ17 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

RAST 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

RAST 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1 DQ9 DQ10 DQ18 



U1-U16 = MT4C4001JDJ 
U17-U24 = MT4C1024DJ 


or 

U1 -U16 = MT4C4001 JDJ L (L-version) 
U17-U24 = MT4C1024DJ L (L-version) 
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TRUTH TABLE 


FUNCTION 

RAS 

us 

WE 

ADDRESSES 

DATA IN/OUT 

*R 

*C 

DQ1-DQ36 

Standby 

H 

H-*X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 


L 

H— L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 


L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP 

REFRESH (L-version) 

H-L 

L 

X 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,2, 3, 6, 22) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 


1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input: 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

MS0-M53 

111 

-12 

12 

pA 


A0-A9, WE 

Il2 

-48 

48 

pA 


RAS0-RAS3 

Il3 

-12 

12 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 24W 

Short Circuit Output Current . 50mA 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

48 

48 

48 

mA 


STANDBY CURRENT: (CMOS) 

(MS = CAS = Vcc -0.2V) 

ICC2 

24 

24 

24 

mA 


4.8 

4.8 

4.8 

mA 

24 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC3 

1264 

1144 

1024 

mA 

2, 22 

1225 

1105 

985 

mA 

2,22,24 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

944 

824 

704 

mA 

2, 22 

905 

785 

665 

mA 

2,22,24 

REFRESH CURRENT: MS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

1264 

1144 

1024 

mA 

2 

1225 

1105 

985 

mA 

2, 24 

REFRESH CURRENT: CAS-BEFORE-MS 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

1264 

1144 

1024 

mA 

2, 19 

1225 

1105 

985 

mA 

2,19,24 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 
CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = l RAS (MIN) to 
300ns; WE =Vcc -0.2 V; A0-A9 and Din = Vcc -0.2V or 0.2V 
(Din may be left open), *RC = 125jxs (1 ,024 rows at 125ps = 128ms) 

ICC7 

6.4 

! 

6.4 

6.4 

mA 

24 
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MICRON 

■ TECHNOLOGY. INC. 


MT24D236 

2 MEG x 36, 4 MEG x 18 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


154 

PF 

17 

Input Capacitance: WE 

Cl2 


202 

PF 

17 

Input Capacitance: RASO, RAS1 , RAS2, RAS3 

Cl3 


50 

pF 

17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 

Cl4 


50 

PF 

17 

Input/Output Capacitance: DQ1-DQ36 

ClO 


20 

pF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3 , 4 , 5, 6, 7, 1 0, 1 1 , 1 6. 21 ) (0°C < T A <; 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

l RWC 

n/a 


n/a 


n/a 


ns 

21 

FAST-PAGE-MODE 

READ or WRITE cycle time 

*PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

n/a 


n/a 


n/a 


ns 

21 

Access time from RAS 

’RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

9 

Output Enable 

x OE 


15 


20 


20 

ns 


Access time from column address 

X AA 


30 


35 


40 

ns 


Access time from CAS precharge 

’CPA 


35 


40 


45 

ns 


RAS pulse width 

’RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RSS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

15 


20 


20 


ns 


RAS precharge time 

’RP 

40 


50 


60 


ns 


CAS pulse width 

tAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

'CRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

23 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

V\R 

50 


55 


60 


ns 


Column address to 

RAS lead time 

! RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

t RRH 

0 


0 


0 


ns 

14 
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MICRON 

I TECHNOLOGY, INC. 


MT24D236 

2 MEG x 36, 4 MEG x 18 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6 , 21 ) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12 

WE command setup time 

'WCS 

0 


0 


0 


ns 


Write command hold time 

l WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

WCR 

45 


55 




ns 


Write command pulse width 

twp 

10 


15 


15 


ns 


Write command to RAS lead time 

t RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


20 


ns 


Data-in setup time 

>DS 

0 


0 


0 


ns 

15 

Data-in hold time 

t DH 

10 


15 


15 


ns 

ra 

Data-in hold time 
(referenced to RAS) 

tDHR 

45 


55 




ns 

mm 

Transition time (rise or fall) 


3 

50 

3 

50 

3 

50 

ns 

5,16 

Refresh period (1 ,024 cycles) 

'REF 


16/128 


16/128 


16/128 

ms 

3/24 

RAS to CAS precharge time 

*RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-HAS refresh) 

'CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(UA5-BEFORE-RAS refresh) 

tCHR 

15 


15 


15 


ns 

19 

V?E hold time 

(CAS-BEFORE-MS refresh) 

l WRH 

10 


10 


10 


ns 


WE setup time 
(CAS-BEFORE-RAS refresh) 

l WRP 

10 


10 


10 


ns 


WE hold time 
(WCBR test cycle) 

{ \NTH 

10 


10 


10 


ns 


WE setup time 
(WCBR test cycle) 

WTS 

10 


10 


10 


ns 
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MICRON 

B TECHNOLOGY, INC. 


MT24D236 

2 MEG x 36, 4 MEG x 18 DRAM MODULE 


JOTES 

. All voltages referenced to Vss. 

. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

. An initial pause of lOOps is required after power-up 
followed by any eight RAS REFRESH cycles (RAS- 
ONLY or CBR with WE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-up 
should be repeated any time the t REF refresh 
requirement is exceeded. 

. AC characteristics assume *T = 5ns. 

, Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

, Measured with a load equivalent to two TTL gates 
and lOOpF. 

Assumes that *RCD < *RCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that tRCD 
exceeds the value shown. 

A ssum es that l RCD > 4 RCD (MAX). 

3. If CAS = Vih, data output is High-Z. 

1. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

1. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

3. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if 4 RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for klP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. LATE-WRITE, READ-WRITE or RE AD-MODIFY - 
WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 

22. Icc is dependent on cycle rates. 

23. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

24. Applies to L-version only. 
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MT24D236 

2 MEG x 36, 4 MEG x 18 DRAM MODULE 


RA5-ONLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CS5-BEFORE-RAS REFRESH CYCLE 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 24 

(A0-A9 = DON’T CARE) 
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HIDDEN REFRESH CYCLE 2 ° 

(WE = HIGH) 




DON’T CARE 


UNDEFINED 
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MT12D436 

4 MEG x 36, 8 MEG x 18 DRAM MODULE 


DRAM 

MODULE 


4 MEG x 36, 8 MEG x 18 

FAST PAGE MODE 


FEATURES 


• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 52mW standby; 3,100mW active, typical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 2,048-cycle refresh distributed across 32ms 

• FAST P AGE M ODE access cycle 

• Multiple RAS lines allow xl8 or x36 width 

OPTIONS MARKING 


• Timing 

60ns access - 6 

70ns access - 7 

80ns access - 8 

• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 


• Part Number Example: MT12D436G-6 


GENERAL DESCRIPTION 

The MT12D436 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x36 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (A0 -A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is lat ched b y the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open (High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-21) 


MT12D436M/G 



1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

A10 

37 

Hums 



2 

DQ1 

20 

DQ5 

38 

M»IW 

mm 

K3SEOB 

3 

DQ19 

21 

DQ23 

39 

BBS9I 

El 

1'i'iii 

4 

DQ2 

22 

DQ6 

40 


El 

BE53B 

5 

DQ20 

23 

DQ24 

41 


KM 

BKSfli 

6 

DQ3 

24 

DQ7 

42 

jMwrecM 

KM 

MSMM 

7 

DQ21 

25 

DQ25 

43 


tm 

BiIiW 

8 

DQ4 

26 

DQ8 

44 

Bai 

KM 


9 

DQ22 

27 

DQ26 

45 

fBBZEBH 

KM 

BE5EBI 

10 

Vcc 

28 

A7 

46 

■n 

El 

KB 

11 

NC 

29 

NC 

47 


mm 

B»ltW 

12 

AO 

30 

Vcc 

48 

BKSflB 

KM 

WKEMM 

13 

A1 

31 

A8 

49 

BE5EM 

El 

keb 

14 

A2 

32 

A9 

50 

BEsEEBI 

El 

bessm 

15 

A3 

33 

NC 

51 

BEjffli 

El 

BCSH 

16 

A4 

34 

M32 

52 


El 


17 

A5 

35 

DQ27 

53 

■mm 

mm 

beqbb 

18 

A6 

36 

DQ9 

54 

1W 

mm 

BBQ31 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
corre ct state by maintainin g pow er and execu ting any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS or H IDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (A0-A10) are executed at least every 
32ms, regardless of sequence. The CBR REFRESH cycle will 
invoke the refresh counter for automatic RAS addressing. 
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MT12D436 

4 MEG x 36, 8 MEG x 18 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 



U1 -U8 = MT4C4M4A1 DJ 
U9-U12 = MT4C1004JDJ 
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TRUTHTABLE 


FUNCTION 

RffiT 

USS" 

WE 

ADDRESSES 

DATA IN/OUT 

tR 

•0 

DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H— L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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MT12D436 

4 MEG x 36, 8 MEG x 18 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss .............. -IV to +7V 

Operating Temperature, T A (Ambient) .......... 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 12W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

08 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

RASO, RAS2 

111 

-12 

12 

UA 


A0-A10, WE 

Il2 

-24 

24 

pA 


CAS0-CAS3 

Il3 

-6 

6 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

■7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

24 

24 

24 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

12 

12 

12 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

1400 

1200 

1040 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = l PC (MIN)) 

ICC4 

960 

840 

720 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = 'RC (MIN)) 

ICC5 

1400 

1200 

1040 

mA 



3 

REFRESH CURRENT : CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = { RC (MIN)) 

ICC6 

1400 

1200 

1040 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 


77 

PF 

2 

Input Capacitance: WE 

Cl2 


100 

PF 

2 

Input Capacitance: RASO, RAS2 

Cl3 


51 

PF 

2 

Input Capacitance: CASO, CAS1 , CAS2, CAS3 

Cl4 


25 

PF 

2 

Input/Output Capacitance: DQ1-DQ36 

Cio 


10 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1, 12, 13, 22) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


. _ -6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

t RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

t PRWC 

n/a 


n/a 


n/a 


ns 

22 

Access time from RAS 

! rac 


60 


70 


80 

ns 

14 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

15 

Access time from column address 

! AA 


30 


35 


40 

ns 


Access time from CAS precharge 

l CPA 


40 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

! RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

tRSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

*CSH 

60 


70 


80 


ns 


CAS precharge time 

'CRN 

10 


10 


10 


ns 

16 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

l RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

tRRH 

0 


o 


0 


ns 

19 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 23) (Vec = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

CAS to output in Low-Z 

<CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

tOFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

l WCS 

0 


0 


0 


ns 


Write command hold time 

tWCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

‘WCR 

45 


55 


60 


ns 


Write command pulse width 

*WP 

10 


15 


15 


ns 


Write command to RAS lead time 

t RWL 

15 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


20 


ns 


Data-in setup time 

<DS 

0 


0 


0 


ns 

21 

Data-in hold time 

*DH 

10 


15 


15 


ns 

21 

Data-in hold time 
(referenced to RAS) 

l DHR 

45 


55 


60 


ns 


Transition time (rise or fall) 

n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048 cycles) 

l REF 


32 


32 


32 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

•CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'em 

15 


15 


15 


ns 

5 

WE hold time 

(CAS-BEFORE-RAS refresh) 

l WRH 

10 


10 


10 


ns 

24 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 

24 

WE hold time 
(WCBR test cycle) 

l WTH 

10 


10 


10 


ns 

24 

WE setup time 
(WCBR test cycle) 

•WTS 

10 


10 


10 


ns 

24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause oflOOjxs is required a fter p ower-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the l REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vm, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 


15. A ssum es that l RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for l CFN. 

17. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if l RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. l OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW; LATE- WRITE or 
READ-MQDIFY- WRITE operations are not possible. 

23. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

24. HVTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of HVRP and *WRH in the 
CBR refresh cycle. 
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FAST-PAGE-MODE READ CYCLE 


‘RCH-^ 

■J* 

- I- 

•-‘RCS 

‘RCH -► 

lj*-‘RCS 

‘aa 

y 

w 

1. 

f AA ( 

L 

‘AA 

‘RAC 


1 ,a 1 

‘CPA B 


‘CPA 

‘CAC . 

jOFF i 

i ! 

'CAC _ 

JOELl 

. ‘CAC 


FAST-PAGE-MODE EARLY-WRITE CYCLE 


!i ‘RCD . , 



, ‘AR 

H 


m ‘RAD 

Jasr, Jrah | 


‘ASCI 1 ,‘CAH, 


‘PC 

‘CP . 1 1 *CAS 


< t ASC > Jk 
COLUMN 


| DON’T CARE 
I UNDEFINED 
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R7S5-ONLY REFRESH CYCLE 

(ADDR = A0-A10; WE = DON’T CARE) 



CSS-BEF0RE-RA5 REFRESH CYCLE 

(A0-A10 = DON’T CARE) 



HIDDEN REFRESH CYCLE 2 3 

(WE = HIGH) 


RAS 


CAS 


ADDR 


DQ 


(READ) (REFRESH) 



V7) DON’T CARE 
$$ UNDEFINED 
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DRAM 

MODULE 


8 MEG x 36,16 MEG x18 

FAST PAGE MODE 


FEATURES 

• Industry standard pinout in a 72-pin single-in-line 
package 

• High-performance, CMOS silicon-gate process 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 104mW standby; 3,152mW acti ve, ty pical 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 2,048-cycle refresh distributed across 32ms 

• FAST P AGE M ODE access cycle 

• Multiple RAS lines allow xl8 or x36 widths 


OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


MARKING 

- 6 

- 7 

- 8 


• Packages 

Leadless 72 -pin SIMM M 

Leadless 72 -pin SIMM (Gold) G 

• Part Number Example: MT24D836G-6 


GENERAL DESCRIPTION 

The MT24D836 is a randomly accessed solid-state memory 
containing 8,388,608 words organized in a x36 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (A0-A 10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRITE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the output pin(s) remain open(High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A10) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-22) 


MT24D836M/G 

o o 

1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

A10 

37 

DQ18 

55 

DQ13 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ31 

3 

DQ19 

21 

DQ23 

39 

Vss 

57 

DQ14 

4 

DQ2 

22 

DQ6 

40 

CAST 

58 

DQ32 

5 

DQ20 

23 

DQ24 

41 

EAST 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

CAST 

60 

DQ33 

7 

DQ21 

25 

DQ25 

43 

CAST 

61 

DQ15 

8 

DQ4 

26 

DQ8 

44 

WM 

62 

DQ34 

9 

DQ22 

27 

DQ26 

45 

RAS1 

63 

DQ16 

10 

Vcc 

28 

A7 

46 

NC 

64 

DQ35 

11 

NC 

29 

NC 

47 

WF 

65 

DQ17 

12 

A0 

30 

Vcc 

48 

NC 

66 

NC 

13 

A1 

31 

A8 

49 

DQ10 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ28 

68 

PRD2 

15 

A3 

33 

HAST 

51 

DQ11 

69 

PRD3 

16 

A4 

34 

FAS2 

52 

DQ29 

70 

PRD4 

17 

A5 

35 

DQ27 

53 

DQ12 

71 

NC 

18 

A6 

36 

DQ9 

54 

DQ30 

72 

Vss 


followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 2,048 combinations 
of RAS addresses (A0-A10) are executed at least every 
32ms, regardless of sequence. The CBR R EFRES H cycle will 
invoke the refresh counter for automatic RAS addressing. 
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TRUTH TABLE 


FUNCTION 

RM 

EA? 

wr 

ADDRESSES 

DATA IN/OUT 


*c 

DQ1-DQ36 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

H 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

UAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT 


SYMBOL 

-6 

-7 

■8 

PRD1 

NC 

NC 

NC 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss to +7V 

Operating Temperature, T A (Ambient) ...0°C to +70°C 

Storage Temperature (Plastic) ..-55°C to +125°C 

Power Dissipation 24 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. c - 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

RAS0-RAS3 

In 

-12 

12 

pA 


A0-A10, WE 

Il2 

-48 

48 

pA 


CAS0-CAS3 

Il3 

-12 

12 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ36 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

48 

48 

48 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

24 

24 

24 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = *RC (MIN)) 

ICC3 

1424 

1224 

1064 

mA 

3,4 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

984 

864 

744 

mA 

3,4 

REFRESH CURRENT: RA5-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: ‘RC = >RC (MIN)) 

ICC5 

■ 

1424 

1224 

1064 

mA 

3 

REFRESH CURRENT: CAS-BEFORE-RAS 

Average power supply current 

(RAS, CAS, Address Cycling: 'PC = *RC (MIN)) 

ICC6 

1424 

1224 

1064 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A10 

Cn 


154 

PF 

2 

Input Capacitance: WE 

Cl2 


200 

PF 

2 




51 

PF 

2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 

Cl4 


50 

PF 

2 

Input/Output Capacitance: DQ1 -DQ36 

Cio 


20 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 22) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 , 

-8 



PARAMETER 


■XH 




mi 


UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 






ns 


READ-WRITE cycle time 


n/a 


n/a 


n/a 


ns 

22 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 







ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

t PRWC 

n/a 



■ 



ns 

22 


'RAC 


60 


70 


80 

ns 

14 

Access time from CAS 

<CAC 


15 


20 


20 

ns 

15 

Access time from column address 

t AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


40 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 


80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

•FISH 



20 


20 


ns 


RAS precharge time 

mam 

40 


50 




ns 




15 


20 

mm 


EEH 

ns 



*CSH 

60 


70 


80 


ns 



10331 

10 


10 


10 


ns 

16 

CA$ precharge time (FAST PAGE MODE) 

ngi 

10 




10 


ns 


RAS to CAS delay time 

•RCD 

20 

40 

20 

50 

20 


ns 

17 

CAS to RAS precharge time 

'CRP 

5 


5 


5 


ns 


Row address setup time 


0 


0 


0 


ns 


Row address hold time 


10 


10 




ns 


RAS to column 
address delay time 

! RAD 

15 

30 

15 

35 

15 

40 

ns 

18 

Column address setup time 

•asc 

0 


0 


0 


ns 


Column address hold time 

•CAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

'AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

•RAL 

30 


35 


40 


ns 


Read command setup time 

•rcs 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

•RRH 

0 


0 


0 


ns 

19 

CAS to output in Low-Z 

•CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 



-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

20 

WE command setup time 

'WCS 

0 


0 


0 


ns 


Write command hold time 


10 


15 


15 




Write command hold time 
(referenced to RA$) 




55 


60 


ns 



tWP 

10 


15 


15 


ns 


Write command to RAS lead time 

'RWL 

15 


20 


20 


ns 



X C\NL 

15 


20 


20 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

21 


i DH 

10 


15 


15 


ns 

21 





55 


60 


ns 



n 

3 

50 

3 

50 

3 

50 

ns 

9, 10 

Refresh period (2,048 cycles) 

'REF 


32 


32 


32 

ms 


RAS to CAS precharge time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

l CHR 

15 


15 


15 


ns 

5 

WE hold time 

(SAS-BEFORE-RAS refresh) 

l WRH 

10 


10 


10 


ns 

24 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

10 


10 


10 


ns 

24 

WE hold time 
(WCBR test cycle) 

tWTH 

10 


10 


10 


ns 

24 

WE setup time 
(WCBR test cycle) 

X \NTS 

10 


10 


10 


ns 

24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS) 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100ps is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the ^REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 


table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CFN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by klAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. kDFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

22. OE is tied permanently LOW, LATE- WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE=HIGH. 

24. *WTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of *WRP and *WRH in the 
CBR refresh cycle. 
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TfAS’-ONLY REFRESH CYCLE 

(ADDR = A0-A1 0; WE = DON’T CARE) 


RAS 

CAS 

ADDR 

DQ 



CAS-BEF0RE-RA5 REFRESH CYCLE 

(A0-A10 = DON’T CARE) 



HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 
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256K x 40 DRAM MODULE 


DRAM 

MODULE 


256K x 40 DRAM 

FAST PAGE MODE (MT10D25640) 

LOW POWER, 

EXTENDED REFRESH (MT10D25640 L) 


FEATURES 

• 72-pin single-in-line package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 30mW (3mW L-version) standby; 

1,750m W active, typical 

• FAST PAGE M ODE a ccess cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

• Low CMOS standby current, 2mA maximum 
(L-version) 

OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 

• Packages 


Leadless 72 -pin SIMM (Gold) G 

• Presence Detect 

Industry standard Blank 

Application specific IB 

• Power/Refresh 

Normal power/ 8ms Blank 

Low power/64ms L 


• Part Number Example: MT10D25640GL-6 IB 


GENERAL DESCRIPTION 

The MT10D25640 is a randomly accessed solid-state 
nemory containing 262,144 words organized in a x40 con- 
iguration. During READ or WRITE cycles, each bit is 
miquely addressed through the 18 address bits, which are 
mtered 9 bits (A0-A8) at a time. RAS is used to latch the first 
> bits and CAS th e lat ter 9 bits. READ or WRI TE cy cles are 
elected with the WE input. A logic HIGH on WE dictates 
dEAD mode while a logic LOW on WE dictates WRITE 
node. During a WR I TE cyc le, data-in (D) is latched by the 
ailing edge of WE or CAS, whichever occurs last. EARLY 
VRITE occurs when WE goes LOW prior to CAS going 
DW ; the output pin(s) remain open (High-Z) until the next 
IAS cycle. 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-13) 


MT10D25640G 

O O 



1 36 37 72 


PIN# 

SYMBOL 

PIN # 

SYMBOL 

PIN# 

SYMBOL 

PIN # 

SYMBOL 

1 

Vss 

19 

W 

37 

DQ34 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

TOO" 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

NC 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

NC 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

TO T 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

TOO" 

62 

DQ31 

9 

DQ20 

27 

DQ24 

45 

NC 

63 

DQ15 

10 1 

Vcc 

28 

A7 

46 

DQ38 

64 

DQ32 

11 

NC 

29 

DQ37 

47 

WF 

65 

DQ16- 

12 

AO 

30 

Vcc 

48 

Vss 

66 

DQ39 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

NC 

50 

0Q25 

68 

PRD2 

15 

A3 

33 

NC 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

NC 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

DQ35 

53 

DQ11 

71 

DQ40 

18 

A6 

36 

DQ33 

54 

DQ27 

72 

Vss 


FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms 
(64ms on L-version), regardless of sequence. 


MARKING 

-6 

- 7 

- 8 


T1 0D25640 
EV. 4/92 


3-303 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW I DRAM MODULE 





NEW g DRAM MODULE 



FUNCTIONAL BLOCK DIAGRAM 

DQ1-4 DQ5-8 DQ9-12 DQ13-16 DQ17-20 

mt tut tut tut ttu 



U1-U10 = MT4C4256DJ 

U1-U10 = MT4C4256DJ L (L-version) 
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TRUTH TABLE 


FUNCTION 


UAF 

WF 

OET 

ADDRESSES 

DATA IN/OUT 

NOTES 

*R 

<c 

DQ1-DQ40 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 


READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 


FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 


2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 


FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 


2nd Cycle 

L 

H-L 

H-L 

L~*H 

n/a 

COL 

Data Out, Data In 


RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


HIDDEN 

REFRESH 

READ 

L—H— L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H~*L 

L 

L 

X 

ROW 

COL 

Data In 


CAS-BEFORE-RAS REFRESH 

H-*L 

L 

X 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H— L 

L 

X 

X 

X 

X 

High-Z 

22 


PRESENCE DETECT-INDUSTRY STANDARD 


SYMBOL 

-6 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 


PRESENCE DETECT-APPLICATION SPECIFIC 


SYMBOL 

-6 

-7 

-8 

PRD1 

Vss 

NC 

Vss 

PRD2 

NC 

NC 

NC 

PRD3 

Vss 

Vss 

NC 

PRD4 

NC 

Vss 

Vss 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation . 10W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 26) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 


mm 


V 

1 

Input Low (Logic 0) Voltage, All Inputs 

1 



V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

A0-A8, WE 

ll 

-20 

20 

pA 


RAS, CAS 

1)2 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ40 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V | 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

ICC3 

20 

20 

20 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC4 

10 

10 

10 

mA 

27 

2 

2 

2 

mA 

22 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Single Address Cycling: l RC = *RC (MIN)) 

Icci 

900 

800 

700 

mA 

2, 26 

850 

750 

650 

mA 

22 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = { PC (MIN)) 

ICC2 

700 

600 

500 

mA 

2, 26 

650 

550 

450 

mA 

22 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

900 

800 

700 

mA 

2 

850 

750 

650 

mA 

22 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

900 

800 

700 

mA 

2, 19 

850 

750 

650 

mA 

22 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during battery backup refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 

Ijxs; WE, A0-A8 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), { RC = 125|is (512 rows at 125^s = 64ms) 

ICC7 

2 

2 

2 

mA 

22 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


64 

pF 

17 

Input Capacitance: WE, OE, RASO, CASO 

Cl2 


84 

pF 

17 

Input/Output Capacitance: DQ1 -DQ40 

Cio 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11,1 6) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

>RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

l PRWC 

90 




100 


ns 





60 


70 


80 

ns 

8 




20 


20 


20 

ns 

9 

Output Enable 

'OE 


20 


20 


20 

ns 


Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 



ns 


RAS pulse width 

'RAS 

60 


70 

100,000 

80 


ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

l RSH 

20 


20 

mum 

20 


ns 


RAS precharge time 

KB 

40 


50 

■ ■ 

60 


ns 


CAS pulse width 


20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

•CSH 

60 


70 


80 


ns 


CAS precharge time 

'CPN 

10 


10 




ns 

18 

CAS precharge time (FAST PAGE MODE) 


10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 


5 


5 


5 


ns 


Row address setup time 

HE® 

0 


0 


0 


ns 


Row address hold time 

WEESM 

10 


10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

30 




40 

ns 

21 

Column address setup time 

'ASC 



0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

45 




60 


ns 


Column address to 

RAS lead time 

'RAL 



35 




ns 


Read command setup time 

'RCS 



0 


0 


ns 


Read command hold time 
(referenced to CAS) 

tRCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

14 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10,11,1 6) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 _ _ 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

’OFF 

0 

20 

0 

20 

0 

20 

ns 

12, 23 

Output disable 

'OD 


15 


20 


20 


23 

WE command setup time 

'wcs 

0 


0 


0 


ns 

24 

Write command hold time 


10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 




55 


60 




Write command pulse width 


10 


15 


15 


ns 


Write command to RAS lead time 


20 


20 


20 


ns 



<CWL 

20 


20 


20 


ns 


Data-in setup time 

1 ds 

0 


0 


0 


ns 

15 

Data-in hold time 

’DH 

15 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

l DHR 

45 


55 


60 


ns 


RAS to WE* delay time 

’RWD 

85 


100 


110 


ns 

24 

Column address 
to WE delay time 

’AWD 

60 


65 


7 0 


ns 

24 

CAS to WE delay time 

*CWD 

40 


50 


55 


ns 

24 

Transition time (rise or fall) 

l T 

3 

50 

3 

50 

3 

50 

ns 

5,16 

Refresh period (51 2 cycles) 

l REF 


8/64 


8/64 


8/64 

ms 

3/22 

RAS to CAS precharge time 

X RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

’CSR 

10 


10 


10 


ns 

19 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

’CHR 

10 


15 


15 


ns 

19 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

tOEH 

15 


20 


20 


ns 

25 

(3E setup prior to RAS during 

HIDDEN REFRESH cycle 

l ORD 

0 


0 


0 


ns 

20 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of IOOjis is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms (64ms 
L version) refresh requirement is exceeded. 

4. AC characteristics assume *1 = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssum es that *RCD > t RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by 4 CAC. 

14. Either tRCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 


18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for 4 CP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

21. Operation within the tRAD (MAX) limit ensures that 
fc RCD (MAX) can be met. [ RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

22. Applies to L-version only. 

23. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" the DQs will provide the previ- 
ously read data if OE is taken back LOW (while CAS 
remains LOW). 

tWCS, t RWD, f AWD and *CWD are restrictive 
operating parameters in LATE-WRITE, and READ- 
MODIFY-WRITE cycles only. If *WCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), l AWD > *AWD 
(MIN) and ^WD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out is 
inde termin ate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both t OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. Icc is dependent on cycle rates. 

27. All other inputs at Vcc -0.2V. 


24. 
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READ CYCLE 



WE v|l ^ 


EARLY-WRITE CYCLE 


l RC 

*RAS 

L . / . j 

| l CSH i 



*RSH 


*RCD 

tCAS 





'\J 



<AR 



tRAD . 1 E 

l RAL 1 




DON’T CARE 
UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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RAS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



cas-before-ft as r efresh cycle 

(A0-A8, WE and OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 22 
(WE = DON’T CARE) 
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DRAM 

MODULE 


51 2K x 40 DRAM 

FAST PAGE MODE (MT20D51240) 

LOW POWER, 

EXTENDED REFRESH (MT20D51240 L) 


FEATURES 

• 72-pin single-in-line package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 60mW (6mW L-version) standby; 
l,780mW active, typical 

• FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh distributed across 8ms or 
512-cycle extended refresh distributed across 64ms 

• Low CMOS standby current, 4mA maximum 
(L-version) 

OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


• Packages 

Leadless 72 -pin SIMM (Gold) G 

• Presence Detect 

Industry standard Blank 

Application specific IB 

• Power/Refresh 

Normal power/8ms Blank 

Low power /64ms L 


• Part Number Example: MT20D51240GL-6 IB 

GENERAL DESCRIPTION 

The MT20D51240 is a randomly accessed solid-state 
memory containing 524,288 words organized in a x40 con- 
figuration. During READ or WRITE cycles, each bit is 
uniquely addressed through th e 18 a ddress bits, which are 
entered 9 bits (A0 -A8) at a time. RAS is used to latch the first 


MARKING 

- 6 
-7 
-8 



FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A8) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 


9 bits and CAS the latter 9 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW ; the output pin(s) remain open (High-Z) until the next 
CAS cycle. 


cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ/ WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 512 combinations of 
RAS addresses (A0-A8) are executed at least every 8ms 
(64ms on L version), regardless of sequence. 
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NEW ■ DRAM MODULE 


MICRON 

I TECHNOLOGY, INC. 


MT20D51240 
51 2K x 40 DRAM MODULE 


FUNCTIONAL BLOCK DIAGRAM 

DQ1-4 DQ5-8 DQ9-12 DQ13-16 DQ17-20 


mi tm mi mi mi 



DQ1-4 DQ5-8 DQ9-12 DQ13-16 DQ17-20 


mi nn nn tin nn 



U1-U20 = MT4C4256DJ 

U1-U20 = MT4C4256DJ L (L-version) 
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TRUTH TABLE 


FUNCTION 

MS 

CAS 

WE" 

OF 

ADDRESSES 

DATA IN/OUT 

NOTES 

*R 

! C 

DQ1-DQ40 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 


READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 


FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-*L 

H 

L 

ROW 

COL 

Data Out 


2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H— T 

L 

X 

ROW 

COL 

Data In 


2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 


FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 


2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 


RAS-ONLY REFRESH 

L 

H 

X 

X 

ROW 

n/a 

High-Z 


HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 


CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H-L 

L 

X 

X 

X 

X 

High-Z 

22 


I 


PRESENCE DETECT-INDUSTRY STANDARD 


SYMBOL 

"6 

-7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 


PRESENCE DETECT-APPLICATION SPECIFIC 


SYMBOL 

-6 

-7 

-8 

PRD1 

NC 

Vss 

NC 

PRD2 

NC 

Vss 

Vss 

PRD3 

NC 

NC 

Vss 

PRD4 

Vss 

NC 

NC 
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MT20D51240 
512K x 40 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss .>.. -IV to +7V 

Operating Temperature, T A (Ambient) .......... 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 20W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 26) (0°C <T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

A0-A8, WE 

ll 

-40 

40 

pA 


RAS, CAS 

1 12 

-20 

20 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ40 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

■8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

ICC3 

40 

40 

40 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

ICC4 

20 

20 

20 

mA 

27 

4 

4 

4 

mA 

22 

OPERATING CURRENT: Random READ/WRITE 
(RAS, CAS, Single Address Cycling: *RC = { RC (MIN)) 

Average power supply current 

Icci 

920 

820 

720 

mA 

2, 26 

854 

754 

654 

mA 

22 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = *PC (MIN)) 

ICC2 

720 

620 

520 

mA 

2, 26 

654 

554 

454 

mA 

22 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

920 

820 

720 

mA 

2 

854 

754 

654 

mA 

22 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CA 5, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

920 

820 

720 

mA 

2, 19 

854 

754 

654 

mA 

22 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during battery backup refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = l RAS (MIN) to 

Ijlis; WE, A0-A8 and Din = Vcc -0.2V or 0.2V (Din may be left 

OPEN), t RC = 125ps (512 rows at 125jis = 64ms) 

ICC7 

4 

4 

4 

mA 

22 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cm 


128 

pF 

17 

Input Capacitance: WE, OE~ 

Cl2 


168 

PF 

■ 17 

Input Capacitance: RASO, RAS1, CASO, CAS1 

Cl3 


84 

PF 

17 

Input/Output Capacitance: DQ1-DQ40 

Cio 


20 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7,10,11,1 6) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

*RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

40 

. 

40 


45 


ns 


FAST-PAGE-MODE READ-WRITE 
cycle time 

*PRWC 

90 


95 


100 


ns 


Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


20 


20 


20 

ns 

9 

Output Enable 

l OE 


20 


20 


20 

ns 


Access time from column address 

'AA 


30 


35 


40 

ns 


Access time from CAS precharge 

*CPA 


35 


40 


45 

ns 


RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


"RAS pulse width (FAST PAGE MODE) 

'RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

'RSH 

20 


20 


20 


ns 


RAS precharge time 

*RP 

40 


50 


60 


ns 


CAS pulse width 

{ CAS 

20 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

<CSH 

60 


70 


80 


ns 

. 

CAS precharge time 


10 




10 


ns 

18 



10 


10 


10 


ns 



l RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

l CRP 

5 


5 


5 


ns 


Row address setup time 


0 


0 


0 


ns 


Row address hold time 

l RAH 

10 


10 


10 


ns 








15 

40 

ns 

21 



0 


0 


0 


ns 


Column address hold time 

'CAH 

15 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

45 


55 


60 


ns 


Column address to 

RAS lead time 

t RAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

l RRH 

0 


0 


0 


ns 

14 

CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 ____ _ 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Output buffer turn-off delay 

l OFF 

0 

20 

0 

20 

0 

20 

ns 

12, 23 

Output disable 

l OD 


15 


20 


20 

ns 

23 

WE command setup time 

<wcs 

0 


0 


0 


ns 

24 


WCH 

10 


15 


15 


ns 






55 


60 


ns 


Write command pulse width 

■ 

10 


15 


15 


ns 


Write command to RAS lead time 


20 


20 


20 


ns 


Write command to CAS lead time 


20 


20 


20 


ns 


Data-in setup time 

! DS 

0 


0 


0 


ns 

15 

Data-in hold time 

! DH 

15 


15 


15 


ns 

15 

Data-in hold time 
(referenced to RAS) 

'DHR 

45 


55 


60 


ns 


RAS to WE delay time 

l RWD 

85 


100 


110 


ns 

24 

Column address 
to WE delay time 

*AWD 

60 


65 


70 


ns 

24 

CAS to WE delay time 

>CWD 

40 


50 


55 


ns 

24 

Transition time (rise or fall) 

X J 

3 

50 

3 

50 

3 

50 

ns 

5, 16 

Refresh period (512 cycles) 

tREF 


8/64 


8/64 


8/64 

ms 

3/22 

RAS to C AS precharae time 

'RPC 

0 


0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

10 


10 


10 

i 

ns 

19 

CAS hold time 

(CAE-BEFORE-RAS refresh) 

*CHR 

10 


15 


15 


ns 

19 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

l OEH 

15 


20 


20 


ns 

25 

OE setup prior to RAS during 

HIDDEN REFRESH cycle 

•ORD 

0 


0 


0 


ns 

20 
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NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lO Ops is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms (64ms 
L version) refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that t RCD < l RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that *RCD 
exceeds the value shown. 

9. A ssume s that *RCD > tRCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the tRCD (MAX) limit ensures that 
t RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if l RCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

14. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V @ 15mV RMS). 


18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for 4 CP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW and OE = 
HIGH. 

21. Operation within the *RAD (MAX) limit ensures that 
t RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

22. Applies to L-version only. 

23. The DQs open during READ cycles once *OD or tOFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" the DQs will provide the previ- 
ously read data if OE is taken back LOW (while CAS 
remains LOW). 

hVCS, 4 RWD, *AWD and l CWD are restrictive 
operating parameters in LATE-WRITE, and READ- 
MODIFY-WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD > tRWD (MIN), 4 AWD > *AWD 
(MIN) and l CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after 4 OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

26. Icc is dependent on cycle rates. 

27. All other inputs at Vcc -0.2V. 


24. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 




FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



UNDEFINED 
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TTS5-0NLY REFRESH CYCLE 

(AD DR = A0-A8; WE = DON’T CARE) 



<5ftS-BEFORE-ftAg REFRESH CYCLE 

(A0-A8, WE and OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 22 

(WE = DON’T CARE) 
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DRAM 

MODULE 


1 MEG x 40 DRAM 

FAST PAGE MODE (MT10D140) 

LOW POWER, 

EXTENDED REFRESH (MT10D140 L) 


FEATURES 

• 72-pin single-in-line package 

• High-performance, CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 30mW (lOmW L-version) standby; 
2,250mW active, typical 

• FAST PAGE MODE access cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 

• Low CMOS standby current, 2mA maximum 
(L-version) 

OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 


• Packages 

Leadless 72 -pin SIMM (Gold) G 


• Presence Detect 


Industry standard 

Blank 

Application specific 

IB 

• Power/Refresh 


Normal power/ 16ms 

Blank 

Low power/128ms 

L 

• Part Number Example: MT10D140GL-6 IB 


GENERAL DESCRIPTION 

The MT10D140 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x40 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 add ress bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WR ITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW ; the output pin(s) remain open (High-Z) until the next 
CAS cycle. 


PIN ASSIGNMENT (Top View) 

72-Pin SIMM 

(T-13) 


MT10D140G 

L° ° 

1 36 37 72 


PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

PIN# 

SYMBOL 

1 

Vss 

19 

CF 

37 

DQ34 

55 

DQ12 

2 

DQ1 

20 

DQ5 

38 

DQ36 

56 

DQ28 

3 

DQ17 

21 

DQ21 

39 

Vss 

57 

DQ13 

4 

DQ2 

22 

DQ6 

40 

CASH 

58 

DQ29 

5 

DQ18 

23 

DQ22 

41 

NC 

59 

Vcc 

6 

DQ3 

24 

DQ7 

42 

NC 

60 

DQ30 

7 

DQ19 

25 

DQ23 

43 

CAST 

61 

DQ14 

8 

DQ4 

26 

DQ8 

44 

RASO* 

62 

DQ31 

9 

DQ20 

27 

DG24 

45 

NC 

63 

DQ15 

10 

Vcc 

28 

A7 

46 

DQ38 

64 

DQ32 

11 

NC 

29 

DQ37 

47 

WE 

65 

DQ16 

12 

A0 

30 

Vcc 

48 

Vss 

66 

DQ39 

13 

A1 

31 

A8 

49 

DQ9 

67 

PRD1 

14 

A2 

32 

A9 

50 

DQ25 

68 

PRD2 

15 

A3 

33 

l\IC 

51 

DQ10 

69 

PRD3 

16 

A4 

34 

NC 

52 

DQ26 

70 

PRD4 

17 

A5 

35 

DQ35 

53 

DQ11 

71 

DQ40 

18 

A6 

36 

DQ33 

54 

DQ27 

72 

Vss 


FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
R AS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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FUNCTIONAL BLOCK DIAGRAM 


DQ1-4 DQ5-8 DQ9-12 

mt im tin 


DQ13-16 DQ17-20 

mt mi 



U1-U10 = MT4C4001JDJ 

U1-U10 = MT4C4001 JDJ L (L-version) 
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TRUTH TABLE 


FUNCTION 

RAS 

Ttt 

WE 

UE 

ADDRESSES 

DATA IN/OUT 

NOTES 

l R 

{ C 

DQ1-DQ40 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 


READ-WRITE 

L 

L 


L-H 

ROW 

COL 

Data Out, Data In 


FAST-PAGE-MODE 

READ 

1st Cycle 

L 



L 

ROW 

COL 

Data Out 


2nd Cycle 

L 


H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

EARLY-WRITE 

1st Cycle 

L 


L 

X 

ROW 

COL 

Data In 


2nd Cycle 

WBM 

UQ| 

L 

X 

n/a 

COL 

Data In 


FAST-PAGE-MODE 

READ-WRITE 





L-H 

ROW 

COL 

Data Out, Data In 


2nd Cycle 

L 



L-H 

n/a 

COL 

Data Out, Data In 


RAS-ONLY REFRESH 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 


CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H— L 

L 

X 

X 

X 

X 

High-Z 

22 


PRESENCE DETECT-INDUSTRY STANDARD 


SYMBOL 

-8 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

Vss 

Vss 

Vss 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 


PRESENCE DETECT-APPLICATION SPECIFIC 


SYMBOL 

-8 

-7 

-8 

PRD1 

Vss 

Vss 

Vss 

PRD2 

NC 

Vss 

Vss 

PRD3 

NC 

NC 

Vss 

PRD4 

NC 

Vss 

Vss 
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MT10D140 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) ......... 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 10W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 26) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

■' 1 ! 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

i 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

i 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

A0-A9, WE 

h 

-20 

20 

pA 


RAS, CAS 

1 12 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ40 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 5mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

20 

■ 

20 

20 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2 V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

10 

10 

10 

mA 


2 

2 

2 

mA 

22 

OPERATING CURRENT 

(RAS and CAS = Cycling: *RC = *RC (MIN)) 

Icci 

1100 

1000 

900 

mA 

2,26 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

800 

700 

600 

mA 

2, 26 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

1100 

1000 

900 

mA 

2 

REFRESH CURRENT: CA5-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

1100 

1000 

900 

mA 

2, 19 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 
300ns; WE, A0-A9 and Din = Vcc - 0.2V or 0.2V (Din may be left 
open), *RC = 125jis (1024 rows at 1 25jlls = 128ms) 

ICC7 

3 

3 

3 

mA 

22 
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MT10D140 
1 MEG x 40 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cu 


64 

pF 

17 

Input Capacitance: WE, OE, RASO, CASO 

Cl2 


84 

pF 

17 

Input/Output Capacitance: DQ1 -DQ40 

Cio 


10 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

- 

7 

- 

B 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 


READ-WRITE cycle time 

l RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

l PC 

40 


40 


45 


ns 


READ or WRITE cycle time 








■ 

- 


FAST-PAGE-MODE 

*PRWC 

90 


95 


100 


ns 


READ-WRITE cycle time 










Access time from RAS 

tRAC 


60 


70 


80 

ns 

8 

Access time from CAS 

<CAC 


15 


20 


20 

ns 

9 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


35 


40 


45 

ns 


RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

l RSH 

15 


20 


20 


ns 


RAS precharge time 

*RP 

45 


50 


60 


ns 


CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

tCPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 


RAS to CAS delay time 

'RCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

*CRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


10 


ns 


RAS to column 

*RAD 

15 

30 

15 

35 

15 

40 

ns 

21 

address delay time 










Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

'CAH 

10 


15 


15 


ns 


Column address hold time 

X AR 

50 


55 


60 


ns 


(referenced to RAS) 











Column address to 

l RAL 

30 


35 


40 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

t RCH 

0 


0 


0 


ns 

14 

(referenced to CAS) 










Read command hold time 

X RRH 

0 


0 


0 


ns 

14 

(referenced to RAS) 










CAS to output in Low-Z 

'CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12, 23 

WE command setup time 

X \NCS 

0 


0 


0 


ns 

24 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6) (Vcc = 5V ±1 0%) 
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MICRON 

■ TECHNOLOGY, INC. 


MT10D140 
1 MEG x 40 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 16ms 
(128ms L version) refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

9. A ssum es that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. *OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

14. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 


17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for klP. 

On-chip refresh and address counters are enabled. 

A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. f RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

L-version only. 

*WCS, t RWD, *AWD and t CWD are restrictive 
operating parameters in LATE- WRITE, and READ- 
MODIFY -WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

24. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

25. Icc is dependent on cycle rates. 

26. All other inputs at Vcc -0.2V. 


19. 

20 . 

21 . 


22 . 

23. 
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READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



NEW 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



8§j! UNDEFINED 
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RSS-ONLY refresh cycle 

(ADDR = A0-A9; and WE = DON’T CARE) 



CAS-BEFORE-EAS REFRESH CYCLE 

(A0-A9, OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 22 

(WE = DON’T CARE) 



YIA DON'T CARE 
Ijjjjjjl UNDEFINED 
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DRAM 2 MEG x 40 DRAM 


MODULE 


FAST PAGE MODE (MT20D240) 

LOW POWER, 

EXTENDED REFRESH (MT20D240 L) 


FEATURES 

• 72-pin single-in-line package 

• High-performance CMOS silicon-gate process. 

• Single 5V ±10% power supply 

• All device pins are fully TTL compatible 

• Low power, 60mW (20mW L-version) standby; 
2,280mW active, typical 

• FAST PAGE M ODE a ccess cycle 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 1,024-cycle refresh distributed across 16ms or 
1,024-cycle extended refresh distributed across 128ms 
(L-version) 

• Low CMOS standby current, 4mA maximum 
(L-version) 

OPTIONS 

• Timing 
60ns access 
70ns access 
80ns access 

• Packages 


Leadless 72 -pin SIMM (Gold) G 

• Presence Detect 

Industry standard Blank 

Application specific IB 

• Power /Refresh 

Normal power/ 16ms Blank 

Low power/ 128ms L 


• Part Number Example: MT20D240GL-6 IB 

GENERAL DESCRIPTION 

The MT20D240 is a randomly accessed solid-state memory 
containing 2,097,152 words organized in a x40 configura- 
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW ; the output pin(s) remain open (High-Z) until the next 
CAS cycle. 



FAST PAGE MODE operations allow faster data opera- 
tions (READ or WRITE) within a row-address (A0-A9) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS high time. Memory cell data is retained in its 
correct state by maintaining power and executing any 
RAS cycle (READ, WRITE, RAS-ONLY, CAS-BEFORE- 
RAS or HIDDEN REFRESH) so that all 1,024 combinations 
of RAS addresses (A0-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 
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U1-U20 = MT4C4001 JDJ 

U1-U20 = MT4C4001 JDJ L (L-version) 
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rRUTH TABLE 








ADDRESSES 

DATA IN/OUT 


FUNCTION 


RAS 

ms 

WE 

(JT 

*R 

*c 

DQ1-DQ40 

NOTES 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 


READ 

L 

L 

H 

L 

ROW 

COL 

Data Out 


EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 


READ-WRITE 

L 

L 

H-*L 

L-H 

ROW 

COL 

Data Out, Data In 


FAST-PAGE-MODE 

1st Cycle 

L 

H-L 

H 

L 

ROW 

COL 

Data Out 


READ 

2nd Cycle 

L 

H-L 

H 

L 

n/a 

COL 

Data Out 


FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 


EARLY-WRITE 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 


FAST-PAGE-MODE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data Out, Data In 


READ-WRITE 

2nd Cycle 

L 

H— L 

H-L 

L-H 

n/a 

COL 

Data Out, Data In 


RAS-ONLY REFRESH 

H 

X 

X 

X 

ROW 

n/a 

High-Z 


HIDDEN 

READ 

L-H-L 

L 

H 

L 

ROW 

COL 

Data Out 


REFRESH 

WRITE 

L-*H-*L 

L 

L 

X 

ROW 

COL 

Data In 


CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


BATTERY BACKUP REFRESH 

H-*L 

L 

X 

X 

X 

X 

High-Z 

22 


PRESENCE DETECT-INDUSTRY STANDARD 


SYMBOL 

■6 

-7 

-8 

PRD1 

NC 

NC 

NC 

PRD2 

NC 

NC 

NC 

PRD3 

NC 

Vss 

NC 

PRD4 

NC 

NC 

Vss 


PRESENCE DETECT-APPLICATION SPECIFIC 


SYMBOL 

-6 

-7 

-8 

PRD1 

NC 

NC 

Vss 

PRD2 

Vss 

NC 

Vss 

PRD3 

NC 

Vss 

Vss 

PRD4 

NC 

NC 

NC 
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NEW ■ DRAM MODULE 


I^ICZRON 


MT20D240 
2 MEG x 40 DRAM MODULE 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +125°C 

Power Dissipation 20W 

Short Circuit Output Current 50mA 


’‘‘Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 2, 3, 6, 26) (0°C < T A < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 

INPUT LEAKAGE CURRENT 

Any Input 0V < Vin < Vcc 

(All other pins not under test = 0V) for each package input 

A0-A9, WE 

ll 

-40 

40 

pA 


RAS, CAS 

1 12 

-20 

20 

pA 


OUTPUT LEAKAGE CURRENT 

(Q is disabled, 0V < Vout < Vcc) for each package input 

DQ1-DQ40 

loz 

-20 

20 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 




MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih 
after 8 RAS cycles (MIN)) 

ICC3 

40 

40 

40 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc -0.2V 

after 8 RAS cycles (MIN)). (All other inputs at Vcc -0.2V or Vss +0.2V) 

ICC4 

20 

20 

20 

mA 


4 

4 

4 

mA 

22 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

1120 

1020 

920 

mA 

2, 26 

1104 

1004 

904 

mA 

2,22,26 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil, CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

820 

720 

620 

mA 

2, 26 

804 

704 

604 

mA 

2,22,26 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling: CAS = Vih) 

ICC5 

1120 

1020 

920 

mA 

2 

1104 

1004 

904 

mA 

2, 22 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

1120 

1020 

920 

mA 

2, 19 

1104 

1004 

904 

mA 

2,19,22 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BATTERY BACKUP refresh: 

CAS = 02V or CAS-BEFORE-RAS cycling; RAS = X RAS (MIN) to 
300ns; WE, A0-A9 and Din = Vcc - 0.2V or 0.2V (Din may be left 
open), { RC = 125|is (1,024 rows at 1 25jlls = 128ms) 

ICC7 

6 

6 

6 

mA 

22 
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MICRON 

■ TECHNOLOGY, INC. 


MT20D240 
2 MEG x 40 DRAM MODULE 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A9 

Cn 


128 

PF 

17 

Input Capacitance: WE, OE 

Cl2 


168 

PF 

17 

Input Capacitance: RASO, RAS1, CASO, CAS1 

Cl3 


84 

PF 

17 

Input/Output Capacitance: DQ1-DQ40 

Cio 


20 

PF 

17 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 1 0, 1 1 , 1 6) (Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 



110 


130 


150 


ns 


READ-WRITE cycle time 

'RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

l PRWC 

90 


95 


100 


ns 


Access time from RAS 

'RAC 


60 


70 


80 

ns 

8 

Access time from CAS 

'CAC 


15 


20 


20 

ns 

9 

Access time from column address 

*AA 


30 


35 


40 

ns 


Access time from CAS precharge 

to PA 


35 


40 


45 

ns 


RAS pulse width 

toAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RS5 pulse width (FAST PAGE MODE) 

toASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

toSH 

15 


20 


20 


ns 


RAS precharge time 

toP 

45 


50 


60 


ns 


CAS pulse width 

•CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 


CAS hold time 

'CSH 

60 


70 


80 


ns 


CAS precharge time 

toPN 

10 


10 


10 


ns 

18 

CAS precharge time (FAST PAGE MODE) 

top 

10 


10 


10 


ns 


RAS to CAS delay time 

toCD 

20 

40 

20 

50 

20 

60 

ns 

13 

CAS to RAS precharge time 

toRP 

10 


10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


10 


ns 


RAS to column 
address delay time 

toAD 

15 

30 

15 

35 

15 

40 

ns 

21 

Column address setup time 

'ASC 

0 


0 


0 


ns 


Column address hold time 

toAH 

10 


15 


15 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

50 


55 


60 


ns 


Column address to 

RAS lead time 

toAL 

30 


35 


40 


ns 


Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 
(referenced to CAS) 

toCH 

0 


0 


0 


ns 

14 

Read command hold time 
(referenced to RAS) 

toRH 

0 


0 


0 


ns 

14 

CAS to output in Low-Z 

•CLZ 

0 


0 


0 


ns 


Output buffer turn-off delay 

'OFF 

0 

20 

0 

20 

0 

20 

ns 

12, 23 

WE command setup time 

'WCS 

0 


0 


0 


ns 

24 
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MICRON 

1 TECHNOLOGY, INC. 


MT20D240 
2 MEG x 40 DRAM MODULE 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 3, 4, 5, 6, 7, 10, 1 1 , 16) (Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

10 


15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

45 


55 


60 


ns 


Write command pulse width 

WKMM 

10 


15 


15 


ns 

hhhi 

Write command to RAS lead time 

KM9 

15 


20 


20 


ns 


Write command to CAS lead time 

■ | 

15 


20 


20 


ns 


Data-in setup time 

'DS 

0 


0 


0 


ns 

■HUB 

Data-in hold time 

*DH 

10 


15 


15 


ns 


Data-in hold time 
(referenced to RAS) 









| 

RAS to WE delay time 


90 




110 


ns 

■ 

Column address 
to WE delay time 






m 



mm 

CAS to WE delay time 


45 


50 




ns 

24 

T ransition time (rise or fall) 

' T 

3 


3 

50 

3 

50 

ns 

5, 16 

Refresh period (1 ,024 cycles) 

beem 








3/22 

RAS to CAS precharge time 


0 


0 


0 


ns 

M 

CAS setup time 

(CAS BEFORE-RAS refresh) 

■ 








H 

CAS hold time 

(CAS-BEFORE-RAS refresh) 









19 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

l ORD 

0 


0 


0 


ns 

20 

Output disable 

*00 

15 


20 


20 


ns 

23 

Output enable 

l OE 

15 


20 


20 


ns 


OE hold time from WE during 
READ-MODIFY-WRITE cycle 

’OEH 

15 


20 


20 


ns 

25 
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MT20D240 
2 MEG x 40 DRAM MODULE 


NOTES 

1. All voltages referenced to Vss. 

2. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 

3. An initial pause of lOOpsis required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 16ms 
(128ms L version) refresh requirement is exceeded. 

4. AC characteristics assume *T = 5ns. 

5. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that f RCD 
exceeds the value shown. 

9. A ssume s that *RCD > *RCD (MAX). 

10. If CAS = Vih, data output is High-Z. 

11. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

12. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

13. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by l CAC. 

14. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

15. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles. 

16. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 


17. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, D C bias = 2.4V @ 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS 
must be pulsed HIGH for tCP. 

19. On-chip refresh and address counters are enabled. 

20. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

21. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

22. L version only. 

23. HVCS, t RWD, *AWD and *CWD are restrictive 
operating parameters in LATE-WRITE, and READ- 
MODIFY-WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > { AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY- WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions are met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE-WRITE (OE 
controlled) cycle. 

24. LATE-WRITE and READ-MODIFY- WRITE cycles 
must have both f OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle . The 
DQs will provide the previously read data if CAS 
remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

25. Icc is dependent on cycle rates. 

26. All other inputs at Vcc -0.2V. 
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MT20D240 
2 MEG x 40 DRAM MODULE 



NEW | DRAM MODULE 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



W) DON’T CARE 
M UNDEFINED 
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RAS-ONLY REFRESH CYCLE 

(AD DR = A0-A9; and WE = DON’T CARE) 



CAS-BEFORE-RAS REFRESH CYCLE 

(A0-A9, OE = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE * 2 

(WE = DON’T CARE) 
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1C DRAM CARD SELECTION GUIDE 


Memory 

Configuration 

Part 

Number 

Access 

Time (ns) 

Number of Pins 

Page 

Card 

512K x 16 

1 Megabyte 

MT8D88C25632 

60, 70, 80 

88 

4-1 

1 Meg x 16 

2 Megabytes 

MT 1 6D88C51 232 

60, 70, 80 

88 

4-17 

2 Meg x 16 

4 Megabytes 

MT8D88C132 

60, 70, 80 

88 

4-33 

4 Meg x 16 

8 Megabytes 

MT 1 6D88C232 

60, 70, 80 

88 

4-49 

512K x 18 

1 Megabyte 

MT 1 2D88C25636 

60, 70, 80 

88 

4-65 


2 Megabytes 

MT24D88C51 236 

60, 70, 80 

88 

4-79 

flEES^DDSH 

4 Megabytes 

MT12D88C136 

60, 70, 80 

88 

4-93 

4 Meg x 18 

8 Megabytes 

MT24D88C236 

60, 70, 80 

88 

4-107 

51 2K x 20 

1 Megabyte 

MT 1 2D88C25640 

60, 70, 80 

88 

4-121 

1 Meg x 20 

2 Megabytes 

MT24D88C51 240 

60, 70, 80 

88 

4-137 

2 Meg x 20 

4 Megabytes 

MT12D88C140 

60, 70, 80 

88 



8 Megabytes 

MT24D88C240 

60, 70, 80 

88 

■ 


1 Megabyte 

MT8D88C25632 

60, 70, 80 

88 

4-1 


2 Megabytes 

MT 1 6D88C5 1 232 

60, 70, 80 

88 

4-17 

1 Meg x 32 

4 Megabytes 

MT8D88C132 

60, 70, 80 

88 

4-33 

2 Meg x 32 

8 Megabytes 

MT 1 6D88C232 

60, 70, 80 

88 

4-49 

256K x 36 

1 Megabyte 

MT 1 2D88C25636 

60, 70, 80 

88 

4-65 

512K x 36 

2 Megabytes 

MT24D88C51 236 

60,70,80 

88 

4-79 

1 Meg x 36 

4 Megabytes 

MT12D88C136 

60, 70, 80 

88 

4-93 

2 Meg x 36 

8 Megabytes 

MT24D88C236 

60, 70, 80 

88 

4-107 

256K x 40 

1 Megabyte 

MT 1 2D88C25640 

60, 70, 80 

88 

4-121 

51 2K x 40 

2 Megabytes 

MT24D88C51 240 

60, 70, 80 

88 

4-137 

1 Meg x 40 

4 Megabytes 

MT12D88C140 

60, 70, 80 

88 

4-153 

2 Meg x 40 

8 Megabytes 

MT24D88C240 

60, 70, 80 

88 

4-169 




































1C DRAM CARD 1 MEGABYTE 


256K x 32, 512Kx 16 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for x!6 or x32 selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 8mW standby, 1.8W active (typical) 

• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

GENERAL DESCRIPTION 

The MT8D88C25632 is a 1 megabyte, IC DRAM card 
organized as a 256K x 32 bit memory array. It may also be 
configured as a 512K x 16 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 

Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT8D88C25632 is designed for low power operation 
using 256K x 4 low power, extended refresh DRAMs. 

These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard Eight presence detect pins may be read by the host to 

component DRAM refresh modes are supported as well. identify the MT8D88C25632 organization, number of 

Multiple RAS inputs conserve power by allowing indi- banks, access time and refresh mode. These extensive pres- 
vidual bank selection. In the x32 organization, the memory ence detect functions allow systems to utilize the advanced 

is a single array thatmay be divided into four separate bytes. power-saving features. 

In the xl6 organization, up to two banks, each with two The MT8D88C25632 is built with a plastic frame covered 

separate bytes, may be independently selected. One bank is by stainless steel panels. This package, containing an 88-pin 

activated by each RAS selection; the others not selected receptacle connector, is keyed to prevent improper installa- 

remain in standby mode, drawing minimum power. tion or insertion into other types of IC card sockets. 
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NOTE: 1 . D = 74AC1 1244 line drivers. 

2. B1 through B4 = 256K x 8 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 


MT8D88C25632 
REV. 4/92 


4-2 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 



MICRON 

■ TECHNOLOGY. INC. 


MT8D88C25632 
256K x 32, 512K x 16 1C DRAM CARD 


PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26 

RAS0, RAS2 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row- 
address bits. Two RAS inputs allow for a single x32 bank 
or two x16 banks. 

23, 24, 66, 68 

CAS0-3 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

m 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13,57,14,58,16, 

59,18,60,19 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 34, 36, 
38-43,46-53, 

80-87 

DQ0-DQ34 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ34 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select. For READ access cycles, DQ0-DQ34 act as 
outputs for the addressed DRAM location. 

71,28,72,29, 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 12, 17, 20, 21,25, 
31,32, 33, 35, 54, 61, 
62, 64, 65, 69, 77, 78, 79 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44, 45, 56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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MT8D88C25632 
256K x 32, 512K x 16 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT8D88C25632 is a 1 megabyte memo ry card struc- 
tured as a 256K x 32 bit memory array (RASO = RAS2) . It also 
maybe configured as a 512Kx 16bitmemory array, provided 
the corresponding DQs on the host are connected and 
memory bank control procedures are implemented by in- 
terleaving both RAS lines. 

Most x32 bit applications use the same signal to control 
the CAS inputs. RASO controls the lower 16 bits, and RAS2 
controls the upper 16 bits to obtain a x32 memory array. For 
xl6 applications, the corresponding DQs and the corre- 
sponding CAS pins must be connecte d toget h er (DQ O to 
DQ18, DQ1 to DQ19 and so forth, and CASO to CAS2 and 
CAS1 to CAS3 ). Each RAS is then a bank select for the 512K 
x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining power and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or 
BATTERY B ACKU P (BBU) REFRESH] so that all 512 com- 
binations of RAS addresses (A0-A8) are executed at least 
every 64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (AO -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latte r 9 bits. READ or WRIT E cyc les are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of CM WE mu st fall prior to CAS (EARLY WRITE); 
if WE goes LOW after CAS, the outputs (Q) will be activated 


and will drive invalid data to the inputs, unless LATE- 
WRITE cycle timing specifications are met. The data inputs 
and data outputs are routed through p ins u sing common 
1/ O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH term inate s the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the excep- 
tion of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the 
card may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component 
DRAM timing specifications, rather than those of the IC 
DRAM card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT8D88C25632 is constructed with a molded plastic 
frame and covered with stainless steel panels. Inside, eight 
thin small-outline package (TSOP) DRAMs are mounted on 
an ultrathin printed circuit board. The board is attached to 
a high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in- 
cluding insertion into other types of IC card sockets. The 
MT8D88C25632 operates reliably up to 55°C. 
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MT8D88C25632 
256 K x 32, 51 2K x 16 1C DRAM CARD 


MEMORY TRUTH TABLE 


FUNCTION 

RA5T 

€ M 

WE 

W 

ADDRESSES 

DATA IN/OUT 

*R 


DQ0-DQ34 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-*L 

L-H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H— L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-+L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-+L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 


mmmmm 


MS 

MS 

Page 









KKn 

MUMIB 


Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

wr*m 

ajEEEBESEH 


mm 

mm 

MM 

NC 

NC 

NC 

NC 

NC 

D 

■Kill 

B 

B 

MM 



— 

— 

MM 

“vsT 

Vss 

Vss 

Vss 

Vss 

x 8 

: 

mm 

mm 

2MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

4MB 

1 Meg x '1,4, 16, 18 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

NC 

X 

X 

X 

8MB 

1 Meg x 1,4, 16, 18 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

8MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 

to 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X j 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


>JOTE: Vss = Ground. 
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NEW 1 1C DRAM CARD 


MICRON 

■ TECHNOLOGY, INC. 


MT8D88C25632 
256K x 32, 51 2K x 16 1C DRAM CARD 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss ...... -0.5V to +5.25V 

Operating Temperature, T A (Ambient) 0°C to +55°C 

Storage Temperature .... -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

pA 


Buffered 

llB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1.6 

1.6 

1.6 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = { RC (MIN)) 

ICC3 

680 

600 

520 

mA 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

520 

440 

360 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = <RC (MIN)) 

ICC5 

680 

600 

520 

mA 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

680 

600 

520 

mA 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = 'RAS (MIN) up to 300ns; *RG = 1 25ps; WE, A0-A8 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

1.6 

1.6 

1.6 

mA 

3,5 
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MICRON 

■ TECHNOLOGY, INC. 


MT8D88C25632 
256 K x 32, 512K x 16 1C DRAM CARD 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A8, OE 

Cn 


9 

PF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS2 

Cl3 


50 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 , 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

>rc 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 

23 

Access time from RAS 

l RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

'CAC 


25 


30 


30 

ns 

15,26 

Access time from column address 

'AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

'CPA 


50 


50 


55 

ns 

26 

RAS pulse width 


60 

IHI 

70 

100,000 

80 

100,000 

ns 

23 



60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 


'RSH 

25 


30 


30 


ns 

26 

RAS precharge time 

*RP 

40 


50 


60 


ns 

23 

CAS pulse width 


15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 


'CSH 

55 


65 


75 


ns 

25 

CAS precharge time 

1M3M 

10 


10 


10 


ns 

16, 23 

CAS precharge time (FAST PAGE MODE) 


10 


10 


10 


ns 

23 

RAS to CAS delay time 


10 

35 

15 

40 

15 

- 50 

ns 

17,28 

CAS to RAS precharge time 

*CRP 

15 


15 


15 


ns 

26 

Row address setup time 


10 


10 


10 


ns 

26 

Row address hold time 


5 


5 


5 


ns 

25 

RAS to column 
address delay time 

tRAD 

10 

20 

10 

25 

10 

30 

ns 

18,28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 

Column address hold time 

'CAH 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

'AR 

45 


50 


55 


ns 

25 

Column address to 

RAS lead time 

l RAL 



45 


50 


ns 

26 

Read command setup time 

'RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

'RCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

'RRH 

-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 

'CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

'OFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29, 35 

WE command setup time 


5 


5 


5 


ns 

24 
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MT8D88C25632 
256K x 32, 512K x 16 1C DRAM CARD 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 


7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

15 


20 


20 


ns 

24 

Write command hold time 

*WCR 

40 


50 


55 


ns 

25 

(referenced to RAS) 










Write command pulse width 

t W P 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

’RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

l CWL 

20 


25 


25 


ns 

24 

Data-in setup time 

’DS 

5 


5 


5 


ns 

24, 32 

Data-in hold time 

t DH 

5 


to 


10 


ns 


Data-in hold time (referenced to RAS) 

*DHR 

45 


55 


60 


ns 

23 | 

Transition time (rise or fall) 

*T 

2 

15 

2 

15 

2 

15 

ns 


Refresh period (1 ,024 cycles) 

•REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

*RPC 

10 


to 


10 


ns 

26 

CAS setup time 

'CSR 

20 


20 


20 


ns 

■i&Ji 

(CAS-BEFORE-RAS refresh) 









warn 

CAS hold time 

tCHR 

10 


10 


10 


ns 

5, 25 

(CAS-BEFORE-RAS refresh) 










WE hold time 

*WRH 

5 


5 


5 


ns 

22, 25 

(CAS-BEFORE-RAS refresh) 








’ 


WE setup time 

’WRP 

20 


20 


20 


ns 

22, 26 

(CAS-BEFORE-RAS refresh) 










WE hold time 

l WTH 

5 


5 


5 




(WCBR test cycle) 










WE setup time 

'WTS 

20 


20 


20 




READ-WRITE cycle time 

’RWC 

165 


185 


205 




FAST-PAGE-MODE 

*PRWC 

90 


95 


100 




READ-WRITE cycle time 










RAS to WE delay time 

*RWD 

80 


90 


100 


ns 


Column Address 

<AWD 

65 


70 


75 




to WE delay time 










CAS to WE delay time 

l CWD 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

<OE 


25 


30 


30 

ns 


Output disable 

*OD 


25 


30 


30 

ns 


OE hold time from WE during 

'OEH 

5 


10 


10 


mm 


READ-MODIFY-WRITE cycle 








1 


OE hold time from RAS during 

*ORD 

10 


10 


10 


■ 


HIDDEN REFRESH cycle 








Bfl 
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MT8D88C25632 
256K x 32, 512K x 16 1C DRAM CARD 




NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f =1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100ps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

B. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

L4. Assumes that *RCD < *RCD (MAX). If 4 RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

L5. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for 'CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. tWTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of *WRP and *WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32 
mode. The stated maximums may be reduced by one 
half when used in the xl6 mode. 

31. hVCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and fc CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 
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MT8D88C25632 
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NOTES (continued) 

32. These parameters are referenced to CAS leading edge 
in EARLY -WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both l OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 


remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once *OD or ’OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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MICRON 

» TECHNOLOGY, INC 


MT8D88C25632 
256K x 32, 51 2K x 16 1C DRAM CARD 


READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 


<AR 

‘RAD 

‘ASR , . *RAH 


, 1 ‘RAL 

. ‘ASC . | ■ ‘CAH . 



COLUMN | 

t RWD 

‘RCS f ‘CWD 

, |awd 


FAST-PAGE-MODE READ CYCLE 



*CSH , 

I ‘PC 


‘rsh 



‘CRP 

*RCD 

‘CAS 

»CP 

*CAS 


‘CAS 




‘CPN , 



-* 








~ "1 


u 

: 





b 



\ 


< t RAD m | 

‘ASR. .‘RAH. i 1 JASC >CAH 


\ DON’T CARE 
9 UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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EA5-0NLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CS5-BEF0RE-RA5 REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



- 125US J 


tRP 

l RAS 

l RP 

<RAS 






RAS vj? _ ) 



f 


l RPC 

^CPN 

tCSR » 

l CHR , 

_|RPC 

l CSR 

l CHR _ , 



* 



— 



CAS » _ / 


. / 

/ 




DQ 

| JWRP 

, t WRH | jJWRP. 

JWRH| 


^ vir -'/////////////} ^//////////////////////} 


WA DON’T CARE 
^ UNDEFINED 
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HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 
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RESERVED JEDEC, JEIDA and PCMCIA MT8D88C25632 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
NC 
A0 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (Vss) 
PD4 (VSS) 
PD6 (TBD) 
NC 
NC 
NC 
DQ9 
NC 
DQ10 
VCC 
DQ1 1 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

NC 

OE (Vss) 

Vss 

A1 

A3 

A5 

A7 

NC 

NC 

Vss 

NC 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (NC) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

NC 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 2 MEGABYTES 

51 2K x 32, 1 MEG x 16 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for xl6 or x32 selectability 

• Refresh modes: MS-ONLY, CAS-BEFORE-RAS 
(CBR), BATTERY BACKUP (BBU) and HIDDEN 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 16mW standby, 1.8W active (typical) 

• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

GENERAL DESCRIPTION 

The MT16D88C51232 is a 2 megabyte, IC DRAM card 
organized as a 512K x 32 bit memory array: It may also be 
configured as a 1 Meg x 16 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 

Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs . 

The MT16D88C51232 is designed for low power opera- 
tion using 256K x 4 low power, extended refresh DRAMs. 

These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. Eight presence detect pins may be read by the host to 

Multiple RAS inputs conserve power by allowing indi- identify the MT16D88C51232 organization, number of 
vidual bank selection. In the x32 organization, the memory banks, access time and refresh mode. These extensive pres- 

array may be divided into two banks, each with four ence detect functions allow systems to utilize the advanced 

separate bytes. In the xl6 organization, up to four banks, power-saving features. 

each with two separate bytes, may be independently se- The MT16D88C51232 is built with a plastic frame covered 

lected. One bank is activated by each RAS selection; the by stainless steel panels. This package, containing an 88-pin 

others not selected remain in standby mode, drawing mini- receptacle connector, is keyed to prevent improper installa- 

mum power. tion or insertion into other types of IC card sockets. 
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NEW 1 1C DRAM CARD 



NOTE: 1 . D = 74AC1 1 244 line drivers. 

2. B1 through B8 = 256K x 8 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 
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MICRON 

1 TECHNOLOGY. tNC. 


MT16D88C51232 
512K x 32, 1 MEG x 16 1C DRAM CARD 


PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26, 65,69 

RASO-3 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row- 
address bits. Four RAS inputs allow for two x32 banks or 
four xl 6 banks. 

23, 24, 66, 68 

CASO-3 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

<5E 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13, 57, 14, 58, 16, 

59, 18,60, 19 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8,10,34,36, 
38-43, 46-53, 

80-87 

DQ0-DQ34 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ34 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select. For READ access cycles, DQ0-DQ34 act as 
outputs for the addressed DRAM location. 

71,28,72,29, 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 12, 17, 20,21,25, 
31,32, 33, 35, 54, 61, 
62, 64, 77, 78, 79 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44, 45, 56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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NEW ■ 1C DRAM CARD 


MICRON 

I TECHNOLOGY, INC. 


MT16D88C51232 
512K x 32, 1 MEG x 16 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT16D88C51232 is a 2 megabyte memory card 
structured as a 512K x 32 bit memory array (RASO = RAS2 
RAS1 = RAS3). It also may be configured as a 1 Meg x 16 bit 
memory array provided the corresponding DQs on the host 
are connected and memory bank co ntrol procedures are 
implemented by interleaving all four RAS lines. 

Most x 32 bit a pplica tion s use th e same signal to control 
the CAS input s. RASP and RAS1 control the lower 16 bits, 
and RAS2 and RAS3 control the upper 16 bits to obtain a 
x32 memory array. For xl6 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (DQO to DQ18, DQ1 to DQ19 and so forth, and 
CASO to CAS2 and CAS1 to C AS3 ). Each RAS is then a bank 
select for the 1 Meg x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining power and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-MS (CBR), HIDDEN or BAT- 
TERY B ACKU P (BBU) REFRESH] so that all 512 combina- 
tions of RAS addresses (A0-A8) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through th e 18 a ddress bits, which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latte r 9 bits. READ or WRIT E cyc les are selected 
with the WE input. A logic H IGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edg e of CAS. WE must fall prior to CAS (EARLY WRITE); if 
WE goes LOW after CAS, the outputs (Q) will be activated 
and will drive invalid data to the inputs, unless LATE- 


WRITE cycle timing specifications are met. The data inputs 
and data outputs are routed through pins using common 
1/ O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-i n by R AS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH term inate s the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems which use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT16D88C51232 is constructed with a molded plas- 
tic frame and covered with stainless steel panels. Inside, 16 
thin small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT16D88C51232 operates reliably up to 55°C. 
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MICRON 

■ TECHNOLOGY, INC. 


MT 1 6D88C51 232 
512K x 32, 1 MEG x 16 1C DRAM CARD 


MEMORY TRUTH TABLE 


FUNCTION 

RAF 

CAF 

WE 

OF 

ADDRESSES 

DATA IN/OUT 

*R 

*C 

DQ0-DQ34 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L-*H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H—L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H—L 

H-L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAM 

Card 

RAS 

CAS 

Page 


. 







Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 



. 



a mm 

bss 

\ 


BBS 


m 

ES 


2MB 






E3 


fefiS* 

BS1 

IBS 

ca 



ES 

-■.xy; 

mm 


4MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

4MB 

1 Meg x 1,4, 16, 18 

20 

10 

10 

1 ,024 

Vss 

NC 

Vss 

Vss 

NC 

X 

X 

X 

8MB 

1 Meg x 1,4, 16, 18 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

8MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1, 4, 16, 18 

22 

12 

11 

1 ,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


MOTE: Vss -Ground. 
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MT16D88C51232 
512K x 32, 1 MEG x 16 1C DRAM CARD 



ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5.25V 

Operating Temperature, T A (Ambient) 0°C to +55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied . 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V +5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

IlN 

-12 

12 

pA 


Buffered 

1 IB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

32 

32 

32 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

3.2 

3.2 

3.2 

mA 

wp 

OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

680 

600 

520 

mA 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: l PC = 'PC (MIN)) 

ICC4 

. 

520 

440 

360 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = *RC (MIN)) 

ICC5 

680 

600 

520 

mA 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC6 

s 

680 

600 

520 

mA 


REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = *RAS (MIN) up to 300ns; l RC = 1 25ps; WE, A0-A8 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

3.2 

3.2 

3.2 

mA 

3,5 
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MT16D88C51232 
51 2K x 32, 1 MEG x 16 1C DRAM CARD 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, A0-A8, OE 

Cn 


9 

pF 

2 

Input Capacitance: WE 

Cl2 


13 

pF 

2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 

Cl3 


50 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


20 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V +5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 

23 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14,23 

Access time from CAS 

'CAC 


25 


30 


30 

ns 

15,26 

Access time from column address 

*AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

'CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS pulse width (FAST PAGE MODE) 

t RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

tRSH 

25 


30 


30 


ns 

26 

RAS precharge time 

'RP 

40 


50 


60 


ns 

23 

CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 

CAS hold time 

•CSH 

55 


65 


75 


ns 

25 

CAS precharge time 

l CPN 

10 


10 


10 


ns 

16,23 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 

'RCD 

10 

35 

15 

40 

15 

50 

ns 

17, 28 

CAS to RAS precharge time 

'CRP 

15 


15 


15 


ns 

26 

Row address setup time 

'ASR 

10 


10 


10 


ns 

26 

Row address hold time 

'RAH 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

'RAD 

10 

20 

10 

25 

10 

30 

ns 

18,28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 

Column address hold time 

^AH 

15 


20 


20 


ns 

, 24 

Column address hold time 
(referenced to RAS) 

'AR 

45 


50 


55 


ns 

25 

Column address to 

RAS lead time 

'RAL 

40 


45 


50 


ns 

26 

Read command setup time 

'RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

tRCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

! RRH 

-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 

t CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

l OFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29, 35 

WE command setup time 

A/VCS 

5 


5 


5 


ns 

24 
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MT16D88C51232 
512K x 32, 1 MEG x 16 1C DRAM CARD 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

l WCH 

15 


20 


20 


n$ 

24 

Write command hold time 

(referenced to RAS) 

*WCR 





55 


ns 

wm 



10 


15 


15 


ns 

23 

Write command to RAS lead time 

l RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

l CWL 

20 


25 


25 


ns 

24 

Data-in setup time 

{ DS 

5 


5 


5 


ns 

24, 32 

Data-in hold time 

*DH 

5 


10 


10 


ns 

25,32 

Data-in hold time (referenced to RAS) 

l DHR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

* T 

2 

15 

2 

15 

2 

15 

ns 

9, 10,23 

Refresh period (1 ,024 cycles) 

'REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

'RPC 

10 


10 


10 


ns 

26 

CAS setup time 
(UAS-BEFORE-RAS refresh) 

>CSR 

20 


20 


20 


ns 

5,26 

CAS hold time 

(CA5-BEFORE-RAS refresh) 

tCHR 

10 


10 

• 

10 


ns 

5, 25 

WE hold time 

(CAS-BEFORE-RaS refresh) 

*WRH 

5 


5 


5 


ns 

22,25 

WE setup time 
(CAS-BEFORE-MS refresh) 

*WRP 

20 


20 


20 


ns 

22,26 

WE hold time 
(WCBR test cycle) 

l WTH 

5 


5 


5 


ns 

22, 25 

WE setup time 

'WTS 

20 


20 


20 


ns 

22, 26 

READ-WRITE cycle time 

t RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

tpRWC 

90 


95 

| 

100 


ns 

23 

RAS to WE delay time 

l RWD 

80 


90 


100 


ns 

31,27 

Column Address 
to WE delay time 

*AWD 

65 


70 


75 


ns 

31,24 

CAS to WE delay time 

l CWD 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

'OE 


25 


30 


30 

ns 

20, 33, 26 

Output disable 

'OD 


25 


30 


30 

ns 

35, 26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

*OEH 

5 


10 


10 


ns 

34, 27 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

'ORD 

10 


10 


10 


ns 

21,26 
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MT16D88C51232 
512K x 32, 1 MEG x 16 1C DRAM CARD 



NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause o f lOOji s is required a fter p ower-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH ) befo re proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). __ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the tRCD (MAX) limit ensures that 
'RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if 4 RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. t W TS an d t WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of *WRP and *WRH in the 
CBR refresh cycle. 

Timing between the DRAMs and the DRAM card did 
not change with addition of the line drivers. 

A +5ns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

A -5ns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

A +10ns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

A -10ns timing skew from the DRAM to the DRAM 
Card resulted from the addition of line drivers. 

A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM Card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM Card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based on one of the 
two banks operating or being refreshed (x32 mode). 
The stated maximums may be reduced by one half 
when used in the xl6 mode. Standby currents of non- 
active bank is not included. 

31. hVCS, *RWD, f AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If WCS > *WCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), l AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the sta te of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 


23. 

24. 

25. 

26. 

27. 

28. 
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MT 1 6D88C51 232 
512K x 32, 1 MEG x 16 1C DRAM CARD 


NOTES (continued) 

32. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and kDEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 


remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once l OD or *OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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MICRON 

■ TECHNOLOGY. INC. 


MT 1 6D88C51 232 
512K x 32, 1 MEG x 16 1C DRAM CARD 




FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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MICRON 

■ TECHNOLOGY, INC. 


MT 1 6D88C51 232 
51 2K x 32, 1 MEG x 16 1C DRAM CARD 


RAS-ONLY REFRESH CYCLE 

(AD DR = A0-A8; WE = DON’T CARE) 


|RC 

tRAS i . |rp_ 



CA5-BEF0RE-RA5 REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



MT1 6D88C51 232 
REV. 4/92 


4-30 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 




MICRON 

I TECHNOLOGY. INC. 


MT 1 6D88C51 232 
512K x 32, 1 MEG x 16 1C DRAM CARD 


HIDDEN REFRESH CYCLE 21 

(WE - HIGH) 


(READ) (REFRESH) 



Ijjjjjj UNDEFINED 
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MT 1 6D88C51 232 
512K x 32, 1 MEG x 16 1C DRAM CARD 



RESERVED JEDEC, JEIDA and PCMCIA MT1 6D88C51 232 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ11 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


VSS 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
NC 
AO 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (Vss) 
PD4 (Vss) 
PD6 (TBD) 
NC 
NC 
NC 
DQ9 
NC 
DQ10 
Vcc 
DQ1 1 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

NC 

OE (Vss) 

Vss 

A1 

A3 

A5 

A7 

NC 

NC 

Vss 

NC 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (NC) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

NC 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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MICRON 

I TECHNOLOGY. INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


1C DRAM CARD 4 MEGABYTES 

1 MEG x 32, 2 MEG x 16 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS i nputs for xl6 or x32 selectab ility 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 8mW standby, 2.2W active (typical) 

• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

GENERAL DESCRIPTION 

The MT8D88C132 is a 4 megabyte, IC DRAM card orga- 
nized as a 1 Meg x 32 bit memory array. It may also be 
configured as a 2 Meg x 16 bit memory array, provided the 
corresponding DQs on the host system are made common, 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when as compared to standard 
DRAMs. 

The MT8D88C132 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. These 
devices support BATTERY BACKUP (BBU) cycle refresh; a 
very low current, data retention mode. Standard compo- 
nent DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi- 
vidual bank selection. In the x32 organization, the memory 
is a single array that maybe divided into four separate bytes. 
In the xl6 organization, up to two banks, each with two 
separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 



Eight presence detect pins may be read by the host to 
identify the MT8D88C132 organization, number of banks. 


access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power-saving features. 

The MT8D88C132 is built with a plastic frame covered by 
stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa- 
tion or insertion into other types of IC card sockets. 
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: DRAM CARD 


MICRON 

■ TRCHNOLOGY. INC. 


FUNCTIONAL BLOCK DIAGRAM 



1 . D = 74AC1 1 244 line drivers. 

2. B1 through B4 = 1 Meg x 8 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 
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m TECHNOLOGY. INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22,26 

RA50, RAS2 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits. TwoRAS inputs allow fora single x32 bank 
or two xl 6 banks. 

23, 24, 66, 68 

CAS0-3 

Input 

Column Address Strobe: CAS is used to clock-in the 1 0 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

OE 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13,57,14,58,16,59, 

18,60,19,61 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8,10,34,36, 

38-43,46-53, 

80-87 

DQ0-DQ34 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ34 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select. For READ access cycles, DQ0-DQ34 act as 
outputs for the addressed DRAM location. 

71,28,72,29, 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 12, 17,20, 21, 25, 
31,32, 33, 35, 54, 62, 
64, 65, 69, 77, 78, 79 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44, 45, 56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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NEW ■ 1C DRAM CARD 


MICRON 

m TECHNOLOGY, INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT8D88C132 is a 4 megabyte memory card as a 

1 Meg x 32 bit memory array (RASO = RAS2). It also may be 
configured as a 2 Meg x 16 bit memory array provided the 
corresponding DQs on the host are connected and memory 
bank contr ol procedures are implemented by interleaving 
both RAS lines. 

Most x3 2 bit ap plicatio ns use the same signal to control 
the CAS inputs. RASO controls the lower 16 bits and 
RAS2 controls the upper 16 bits to obtain a x32 memory 
array. For xl6 applications, the corresponding DQs and the 
corresponding CAS pins must be connected together (DQO 
toDQ1 8, DQ1 to DQ19 and so forth, and CASO to CAS2 and 
CAS1 to CAS3). Each RAS is then a bank select for the 

2 Meg x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taming power and executin g any R AS cycle [READ, WRITE, 

Ms-only, cas-before-ras (cbr), hidden or bat- 
tery B ACKU P (BBU) REFRESH] so that all 1,024 combina- 
tions of RAS addresses (A0-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the penalty is the 
memory card will draw more current in the STANDBY 
mode. The CBR REFRESH mode is recommended when not 
using the BBU mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 ad dress ^its, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cy cle, data in (D) is latche d by the 
falling ed ge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 


activated and will drive invalid data to the inputs, unless 
LATE-WRITE cycle timing specifications are met. The data 
inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-i n by R AS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems which use both), may cause timing incom- 
patibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT8D88C132 is constructed with a molded plastic 
frame and covered with stainless steel panels. Inside, eight 
thin small-outline package (TSOP) DRAMs are mounted on 
an ultrathin printed circuit board. The board is attached to 
a high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in- 
cluding insertion into other types of IC card sockets. The 
MT8D88C132 operates reliably up to 55°C. 
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MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


MEMORY TRUTH TABLE 


FUNCTION 

RAS 

CAS 

WE 

usr 

ADDRESSES 

DATA IN/OUT 

>R 

‘c 

DQ0-DQ34 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-+L 

L-H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H— L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H—L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1st Cycle 

L 

H— L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H—L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L—H— L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-+L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-*L 

L 

H 

X 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAM 

Card 

RAS 

ras 

Page 


' 







Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0 MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 

256K x 1, 4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

2MB 

256K x 1 , 4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

2MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

_ 



■P 

10 

To 

1,024 “ 

Vss 

TicT 

Vss 

Vss 

NC 

Vss 

“1 ~ 

*x 

X 

8MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 


Standard 

X 

X 

X 

X 

X 

X 

X 

NC 


^ ■ 

Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 
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NEW ■ 1C DRAM CARD 


MICRON 

■ TECHNOLOGY, INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5. 25V 

Operating Temperature, T A (Ambient) 0°C to +55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation ................. 15W 

Short Circuit Output Current ...50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V +5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0 V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

IlN 

-12 

12 

pA 


Buffered 

1 IB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(MS = CAS = Vih) 

Icci 

16 

16 

16 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

1.6 

1.6 

1.6 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: { RC = { RC (MIN)) 

ICC3 

840 

760 

680 

mA 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

600 

520 

440 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

840 

760 

680 

mA 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

840 

760 

680 

mA 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = *RAS (MIN) up to 300ns; l RC = 125jlls; WE, A0-A9 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

2.4 

2.4 

2.4 

■ . i 

mA 

3,5 
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MICRON 

8 TECHNOLOGY. INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, A0-A9, OE 

Cn 


9 

PF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS2 

Cl3 


50 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

l PC 

40 


40 


45 


ns 

23 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

t CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

*AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

X CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

tRAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RA5 pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

! RSH 

25 


30 


30 


ns 

26 

RAS precharge time 

X RP 

45 


50 


60 



23 



15 


20 

100,000 

20 



23 

CAS hold time 

! CSH 

55 


65 


75 



25 

CAS precharge time 

l CPN 

10 


10 


10 



16,23 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 



23 


'RCD 

10 

35 

15 

40 

15 

50 


17,28 



15 


15 


15 


ns 

26 


'ASR 

10 


10 


10 



26 

Row address hold time 

tRAH 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

'RAD 

10 

20 

10 

m 

10 

30 

ns 

18, 28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 

Column address hold time 

'CAH 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

*AR 

45 




55 


ns 

25 

Column address to 

RAS lead time 

'RAL 

40 


45 


50 


ns 

26 

Read command setup time 

'RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to GAS) 

! RCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

tRRH 

-5 


-5 


-5 


ns 

19,25 

CAS to output in Low-Z 

X CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

l OFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29, 35 

WE command setup time 

•wcs 

5 


5 


5 


ns 

24 
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NEW ■ 1C DRAM CARD 


MICRON 

H TECHNOLOGY, INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


=8 ' 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

! WCH 

15 


20 


20 


ns 

24 

Write command hold time 
(referenced to RAS) 

*WCR 

40 


50 


55 


ns 

25 

Write command pulse width 

*WP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

*RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

X C\NL 

20 


25 


25 


ns 

24 

Data-in setup time 

<DS 

5 


5 


5 


ns 

24, 32 

Data-in hold time 

! dh 

5 


10 


10 


ns 

25, 32 

Data-in hold time (referenced to RAS) 

*DHR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

n 

2 

15 

2 

15 

2 

15 

ns 

9, 10, 23 

Refresh period (1 ,024 cycles) 

*REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

t RPC 

10 


10 


10 


ns 

26 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

20 


20 


20 


ns 

5, 26 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

*CHR 

10 


10 


10 


ns 

5, 25 

WE hold time 

(CAS-BEFORE-RAS refresh) 

! WRH 

5 


5 


5 


ns 

22, 25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

tWRP 

20 


20 


20 


ns 

22, 26 

WE hold time 
(WCBR test cycle) 

l WTH 

5 


5 


5 


ns 

22, 25 

WE setup time 

*WTS 

20 


20 


20 


ns 

22, 26 

READ-WRITE cycle time 

*RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

90 


95 


100 


ns 

23 

RAS to WE delay time 

l RWD 

80 


90 


100 


ns 

31,27 

Column Address 
to WE delay time 

VWVD 

65 


70 


75 


ns 

31,24 

CAS to WE delay time 

X C\ND 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

x OE 


25 


30 


30 

ns 

20, 33, 26 

Output disable 

<OD 


25 


30 


30 

ns 

35,26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

•OEH 

5 


10 


10 


ns 

34, 27 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

•ORD 

10 


10 


10 


ns 

21,26 
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MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the *REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF, 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. 4 RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by l CAC. 

18. Operation within the l RAD (MAX) limit ensures that 
t RCD (MAX) can be met. e RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. AVTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of HVRP and *WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed inthex32 
mode. The stated maximums may be reduced by one 
half when used in the xl6 mode. 

31. HVCS, t RWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If *WCS > HVCS (MIN), 
the cycle is an EARLY- WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 
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NEW ■ 1C DRAM CARD 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 



NOTES (continued) 

32. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and t OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 


remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once *OD or *OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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NEW | 1C DRAM CARD 


MICRON 

■ TECHNOLOGY, INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 IC DRAM CARD 


ISA5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CA5-BEFORE-RA5 refresh cycle 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9 = DON’T CARE) 
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NEW g 1C DRAM CARD 


MICRON 

■ TECHNOLOGY, INC. 


MT8D88C132 

1 MEG x 32, 2 MEG x 16 1C DRAM CARD 


RESERVED JEDEC, JEIDA and PCMCIA MT8D88C1 32 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21' 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
Vcc 9 
DQ7 10 
NC 11 
NC 12 
A0 13 
A2 14 
Vcc 15 
A4 16 
NC 17 
A6 18 
A8 19 
NC 20 

NC 21 

RASP 22 
CASO 23 
CAS1 24 
NC 25 
RAS2 26 
Vcc 27 
PD2 (NC) 28 
PD4 (Vss) 29 
PD6 (TBD) 30 
NC 31 
NC 32 
NC 33 
DQ9 34 
NC 35 
DQ10 36 
Vcc 37 
DQ11 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

NC 

OE (Vss) 

Vss 

A1 

A3 

A5 

A 7 

A9 

NC 

Vss 

NC 

NC 

CAS2 

Vss 

CAS3 

NC 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (NC) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

NC 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 


MT8D88C132 
REV. 4/92 


4-48 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





1C DRAM CARD 8 MEGABYTES 

2 MEG x 32, 4 MEG x 16 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS i nputs for xl6 or x32 selectab ility 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 16mW standby, 2.2W active (typical) 

• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

GENERAL DESCRIPTION 

The MT16D88C232 is an 8 megabyte, IC DRAM card 
organized as a 2 Meg x 32 bit memory array. It may also be 
configured as a 4 Meg x 16 bit memory array, provided the 
corresponding DQs on the host system are made common 
and me mory b ank control procedures are implemented. 

Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS . The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered inputtimings when compared to standard DRAMs. 

The MT16D88C232 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. 

These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi- Eight presence detect pins may be read by the host to 

vidual bank selection. In the x32 organization, the memory identify the MT1 6D88C232 organization, number of banks, 

array may be divided into two banks, each with four access time and refresh mode. These extensive presence 

separate bytes. In the xl6 organization, up to four banks, detect functions allow systems to utilize the advanced 

each with two separate bytes, may be independently se- power-saving features. 

lected. One bank is activated by each RAS selection; the The MT16D88C232 is built with a plastic frame covered 

others not selected remain in standby mode, drawing mini- by stainless steel panels. This package, containing an 88-pin 

mum power. receptacle connector, is keyed to prevent improper installa- 
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NEW ■ 1C DRAM CARD 


MICRON 


FUNCTIONAL BLOCK DIAGRAM 




NOTE: 1 , D = 74AC1 1244 line drivers. 

2. B1 through B8 = 1 Meg x 8 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 
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PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 


RASO-3 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits. Four RAS inputs allow for two x32 banks or 
four xl 6 banks. 


CASO-3 

Input 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

■ ■ ■ ■ . ' : 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

OE 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13, 57,14, 58,16, 59, 
18,60, 19,61 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 34, 36, 
38-43, 46-53, 

80-87 

DQ0-DQ34 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ34 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select. For READ access cycles, DQ0-DQ34 act as 
outputs for the addressed DRAM location. 

71,28, 72, 29, 
74,30,75,76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 12, 17, 20, 21,25, 
31,32, 33, 35, 54, 

62, 64, 77, 78, 79 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44,45, 56, 
63,67,73,88 

Vss 

Supply 

Ground 
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NEW 1 1C DRAM CARD 
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TECHNOLOGY. INC. 


MT16D88C232 
2 MEG x 32, 4 MEG x 16 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT16D88C232 is an 8 megabyte rnemory card struc- 
ture^ as_a_2Meg x 32 bit memory array (RASO = RAS2, 
RAS1 = RAS3). It also may be configured as a 4 Meg x 16 bit 
memory array provided the corresponding DQs on the host 
are connected and memory bank co ntrol procedures are 
implemented by interleaving all four RAS lines. 

Most x32 bit applications use the same signal to control 
the CAS in put s. RASP and RAS1 control the lower 16 bits, 
and RAS2 and RAS3 control the upper 16 bits to obtain a 
x32 memory array. For xl6 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (DQO to DQ18, DQ1 to DQ19 and so forth, and 
CASO to CAS2 and CAS1 to C AS3 ). Each RAS is then a bank 
select for the 4 Meg x 16 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining power and executing any RAS cycle [RE AD, WRITE, 
RAS-ONLY, CAS-BEFORE-MS (CBR), HIDDEN or BAT- 
TERY B ACKU P (BBU) REFRESH] so that all 1,024 combina- 
tions of RAS addresses (A0-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory 
card will draw more current in the STANDBY mode. The 
CBR REFRESH mode is recommended when not using the 
BBU mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling edge of CAS. WE must fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 


activated and will drive invalid data to the inputs, unless 
LATE- WRITE cycle timing specifications are met. The data 
inputs and data outputs are routed through p ins u sing 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing incompat- 
ibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT16D88C232 is constructed with a molded plastic 
frame and covered with stainless steel panels. Inside, 16 thin 
small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT16D88C232 operates reliably up to 55°C. 
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MEMORY TRUTH TABLE 


FUNCTION 

R/RT 

CAST 

WE 

OE 

ADDRESSES 

DATA IN/OUT 

*R 

! C 

DQ0-DQ34 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-+H-L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L— H— L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAM 

Card 

RfiS 

CAS 

Page 




■ 





Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 

256K x 1 ,4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

2MB 

256Kx 1,4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

2MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

MM 

t'rk-hQi ' ■ 

wmm 

MEM 


walssM 

tm 

Ifltl 

PBS 

BBS 

W ! Bl 

. 

MM 

m 


mm 


wbm 




jfjj 

■MSI 

rg 

cH 

PBS 

■ 

eg 

MM 

MM 


16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


'IOTE: Vss = Ground. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5.25V 

Operating Temperature T A (Ambient) 0°C to 55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

pA 


Buffered 

llB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

32 

32 

32 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

3.2 

3.2 

3.2 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC3 

840 

760 

680 

mA 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

600 

520 

440 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: 'RC = 'RC (MIN)) 

ICC5 

840 

760 

680 

mA 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = 'RC (MIN)) 

ICC6 

840 

760 

680 

mA 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = 'RAS (MIN) up to 300ns; l RC = 125ps; WE, A0-A9 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

4.8 

4.8 

4.8 

. 

mA | 

3,5 
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MT16D88C232 
2 MEG x 32, 4 MEG x 16 1C DRAM CARD 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A9, OE 

Cn 


9 

pF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS1 , RAS2, RAS3 

Cl3 


50 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


20 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 


ns 

23 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

! CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

'AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

*CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RS5 pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

l RSH 

25 


30 


30 


ns 

26 

RAS precharge time 

*RP 

45 


50 


60 


ns 

23 

CAS pulse width 

•CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 

CAS hold time 

*CSH 

55 


65 


75 


ns 

25 

CAS precharge time 

'CRN 

10 


10 


10 


ns 

16,23 

CAS precharge time (FAST PAGE MODE) 

•CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 

t RCD 

10 

35 

15 

40 

15 

50 

ns 

17,28 

CAS to RAS precharge time 

l CRP 

15 


15 


15 


ns 

26 

Row address setup time 

l ASR 

10 


10 


10 


ns 

26 

Row address hold time 

tRAH 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

*RAD 

10 

20 

10 

25 

10 

30 

ns 

18, 28 

Column address setup time 

•asc 

5 


5 


5 


ns 

24 

Column address hold time 

'CAH 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

l AR 

45 


50 


55 


ns 

25 

Column address to 

RAS lead time 

•ral 

40 


45 


50 


ns 

26 

Read command setup time 

'RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

l RCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

l RRH 

. 

-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 

l CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

'OFF 

5 

30 

5 . 

30 

5 

30 

ns 

20, 29, 35 

WE command setup time 

•wcs 

5 


5 


5 


ns 

24 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

15 


20 


20 


ns 

24 

Write command hold time 

*WCR 

40 


50 


55 


ns 

25 

(referenced to RAS) 










Write command pulse width 

l WP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

l RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

CWL 

20 


25 


25 


ns 

24 

Data-in setup time 

nos 

5 


5 


5 


ns 

24, 32 

Data-in hold time 

noH 

5 


10 


10 


ns 

25, 32 

Data-in hold time (referenced to RAS) 

T)HR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

n 

2 

15 

2 

15 

2 

15 

ns 

9, 10, 23 

Refresh period (1 ,024 cycles) 

'REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

'RPC 

10 


10 


10 


ns 

26 

CAS setup time 

'CSR 

20 


20 


20 


ns 

5, 26 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

CHR 

10 


10 


10 


ns 

5, 25 

(CfiS-BEFORE-TOS refresh) 










WE hold time 

l WRH 

5 


5 


5 


ns 

22, 25 

(CAS-BEFORE-RAS refresh) 










WEsetuptime 

*WRP 

20 


20 


20 


ns 

22, 26 

(CAS-BEFORE-RAS refresh) 










WE hold time 

*WTH 

5 


5 


5 


ns 

22, 25 

(WCBR test cycle) 










WE setup time 

wts 

20 


20 


20 


ns 

22, 26 

READ-WRITE cycle time 

*RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

tPRWC 

90 


95 


100 


ns 

23 

READ-WRITE cycle time 










RAS to WE delay time 

'RWD 

80 


90 


100 


ns 

31,27 

Column Address 

'AWD 

65 


70 


75 


ns 

31,24 

to WE delay time 










CAS to WE delay time 

CWD 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

'OE 


25 


30 


30 

ns 

20, 33, 26 

Output disable 

'OD 


25 


30 


30 

ns 

35,26 

OE hold time from WE during 

'OEH 

5 


10 


10 


ns 

34, 27 

READ-MODIFY-WRITE cycle 










OE hold time from RAS during 

'ORD 

10 


10 


10 


ns 

21,26 

HIDDEN REFRESH cycle 



■ ■ 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause o f 100|n s is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH ) befo re proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). __ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the f RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. t W TSan d *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of tWRP and *WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based on one of the 
two banks operating or being refreshed (x32 mode). 
The stated maximums may be reduced by one half 
when used in the xl6 mode. Standby currents of the 
non-active bank are not included. 

31. HVCS, 4 RWD, 4 AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If tWCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If l RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and f CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
inde termin ate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 
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NOTES (continued) 

32. These parameters are referen ced t o CAS leading edge remains LOW and OE is taken back LOW after kDEH 

in EARLY- WRITE cycles and WE leading edge in is met. If CAS goes HIGH prior to OE going back 

LATE- WRITE or READ-MODIFY- WRITE cycles. LOW, the DQs will remain open. 

33. If OE is tied permanently LOW, LATE-WRITE or 35. The DQs open during READ cycles once *OD or t OFF 

READ-MODIFY-WRITE operations are not possible. occur. If CAS goes HIGH first, OE becomes a "don't 

34. LATE-WRITE and READ-MODIFY-WRITE cycles care If OE goes HIGH and CAS stays LOW, OE is 

must have both *OD and { OEH met (OE HIGH during not a "don't care;" and die DQs will provide the 

WRITE cycle) in order to ensure that the output previ ously read data if OE is taken back LOW (while 

buffers will be open during the WRITE cycle. The CAS remains LOW). 

DQs will provide the previously read data if CAS 
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READ CYCLE 


*CSH 

■ „ tRSH 
*RCD . 1 . *CAS 





l AA 



'RAC 



l CAC 


< t OF 

• tCLZ 






VALID DATA 


EARLY-WRITE CYCLE 


‘RAS 

7 

L *CSH i 




*RSH 


. l RCD 


l CAS 


. ■ • 1 




o 


r 

l AR 




l RAD 


*RAL 


lRAH . 1 , l ASC 


< tCAH 



(//, | DON’T CARE 
UNDEFINED 
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MT16D88C232 
2 MEG x 32, 4 MEG x 16 1C DRAM CARD 



FAST-PAGE-MODE EARLY-WRITE CYCLE 



^ Sir W/W///W///WWWW/Wm/MMMMm//Mm^ 


FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



fjjjjjj UNDEFINED 
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MT16D88C232 
2 MEG x 32, 4 MEG x 16 1C DRAM CARD 


RAS-ONLY REFRESH CYCLE 

(AD DR = A0-A9; WE = DON’T CARE) 

. ; |rc 


l RAS i , *RP 



CA5-BEFORE-RAS refresh cycle 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9 = DON’T CARE) 
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MT16D88C232 
2 MEG x 32, 4 MEG x 16 1C DRAM CARD 


RESERVED JEDEC, JEIDA and PCMCIA MT16D88C232 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ11 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
NC 
AO 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (NC) 
PD4 (Vss) 
PD6 (TBD) 
NC 
NC 
NC 
DQ9 
NC 
DQ10 
Vcc 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

NC 

OE (Vss) 

Vss 

A1 

A3 

A5 

A7 

A9 

NC 

Vss 

NC 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (Vss) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

NC 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 1 MEGABYTE 


256K x 36, 512K x 18 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All input s buff ered except RAS inputs 

• Multiple RAS inputs for xl8 or x36 selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 12mW standby, 2.7W active (typical) 

• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

GENERAL DESCRIPTION 

The MT12D88C25636 is a 1 megabyte, IC DRAM card 
organized as a 256K x 36 bit memory array. It may also be 
configured as a 512K x 18 bit memory array, provided the 
corresponding DQs on the host system are made common 
and me mory b ank control procedures are implemented. 

Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs . 

The MT12D88C25636 is designed for low power opera- 
tion using 256K x 4 low power, extended refresh DRAMs. 

These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard Eight presence detect pins may be read by the host to 

component DRAM refresh modes are supported as well. identify the MT12D88C25636 organization, number of 

Multiple RAS inputs conserve power by allowing indi- banks, access time and refresh mode. These extensive pres- 

vidual bank selection. In the x36 organization, the memory ence detect functions allow systems to utilize the advanced 

is a single array that maybe divided into four separate bytes. power-saving features. 

In the xl8 organization, up to two banks, each with two The MT12D88C25636 is built with a plastic frame covered 

separate bytes, may be independently selected. One bank is by stainless steel panels. This package, containing an 88-pin 

activated by each RAS selection; the others not selected receptacle connector, is keyed to prevent improper installa- 

remain in standby mode, drawing minimum power. tion or insertion into other types of IG card sockets. 
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MICRON 


MT12D88C25636 
256K x 36, 512K x 18 1C DRAM CARD 


FUNCTIONAL BLOCK DIAGRAM 



1. D = 74AC1 1244 line drivers. 

2. B1 through B4 = 256K x 9 memory blocks. 
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MT 1 2D88C25636 
256K x 36, 51 2K x 18 1C DRAM CARD 


PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26 

RAS0, RAS2 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row- 
address bits. Two RAS inputs allow for a single x36 bank 
or two x18 banks. 

23, 24, 66, 68 

CASO-3 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

We 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS is LOW, the 
access is a READ cycle. 

13, 57, 14, 58, 16, 

59, 18, 60, 19 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 12,34,36, 
38-43,33,46-54, 
80-87, 79 

DQ0-DQ35 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ35 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 
CAS select. For READ access cycles, DQ0-DQ35 act as 
outputs for the addressed DRAM location. 

71,28,72,29, 

74,30,75,76 

PD1-PD8 1 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11,17,20,21,25, 

31,32,35,61,62,55, 

64,65,69,77,78 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9,15,27,37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44,45,56, 

63,67,73,88 

Vss 

Supply 

Ground 
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TECHNOLOGY, INC. 


MT 1 2D88C25636 
256K x 36, 512K x 18 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT12D88C25636 is a 1 megabyte memory card struc- 
tured as a 256K x 36 bit memory array (RASO = RAS2). It also 
maybe configured as a 512K x 18bit memory array provided 
the corresponding DQs on the host are connected and 
memory bank control procedures are implemented by in- 
terleaving both RAS lines. 

Most x 36 bit applications use the same signal to control 
the CAS inputs. RASO controls the lower 18 bits, and RAS2 
controls the upper 18 bits to obtain a x36 memory array. For 
xl8 appli cation s, the corresponding DQs and the corre- 
sponding CAS pins must be connected together (DQO to 
DQ18, DQ1 to D Q19 and so forth, and CASO to CAS2 and 
CAS1 to CAS3 ). Each RAS is then a bank select for the 512K 
x 18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining power and executing any RAS cycle [READ, WRITE, 

Ms-only, cas-before-Ms (cbr), hidden or bat- 
tery B ACKU P (BBU) REFRESH] so that all 512 combina- 
tions of RAS addresses (A0-A8) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through th e 18 a ddress bits, which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 bits. READ or WRITE cycles are selected 
with the WE input. A logic H IGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edg e of CAS. WE m ust fal l prior to CAS (EARLY WRITE); if 
WE goes LOW after CAS, the outputs (Q) will be activated 


and will drive invalid data to the inputs. The data inputs 
and data outputs are routed through pins using common 
1/ O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing incompat- 
ibilities. 

All traces on the IC DRAM card (buffered and non- 
buffeted) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT12D88C25636 is constructed with a molded plas- 
tic frame and covered with stainless steel panels. Inside, 12 
thin small-outline package (TSOP) DRAMs are mounted an 
ultrathin printed circuit board. The board is attached to a 
high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in- 
cluding insertion into other types of IC card sockets. The 
MT12D88C25636 operates reliably up to 55°C. 
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MT 1 2D88C25636 
256K x 36, 51 2K x 18 1C DRAM CARD 


MEMORY TRUTH TABLE 


FUNCTION 

RAJ 

RAJ 

WE 

ADDRESSES 

DATA IN/OUT 

»R 

*C 

DQ0-DQ35 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

. COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

High-Z 

2nd Cycle 

L 

H—L 

L 

n/a 

COL 

High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H— L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H— L 

H-L 

n/a 

COL 

Data Out 

RAS-ONLY REFRESH 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L—H— L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H^L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H— L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAM 

Card 

RAS 

RAS 

Page 









Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 




raft 

usm 




•mm 

« ■ 



2MB 

256K x 1, 4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

2MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

4MB 

1 Meg x 1 , 4, 1 6, 1 8 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

NC 

X 

X 

X 

8MB 

1 Meg x 1,4, 16, 18 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

8MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1 , 4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 
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MT 1 2D88C25636 
256K x 36, 512K x 18 1C DRAM CARD 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5.25V 

Operating Temperature T A (Ambient) 0°C to 55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V +5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

IlN 

-12 

12 

pA 


Buffered 

llB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (lour = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

24 

24 

24 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

2.4 

2.4 

2.4 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: { RC = *RC (MIN)) 

ICC3 

1.0 

0.9 

0.8 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

780 

660 

540 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = l RC (MIN)) 

ICC5 

1.0 

0.9 

0.8 

A 

3, 30 

REFRESH CURRENT: CA5-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = ‘RC (MIN)) 

ICC6 

1.0 

0.9 

0.8 

A 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2 V or CBR 
cycling; RAS = 'RAS (MIN) up to 300ns; t RC = 1 25ps; WE, A0-A8 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

2.4 

2.4 

2.4 

! 

mA 

3,5 
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MICRON 
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MT1 2D88C25636 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A8 

Cm 


9 

PF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS2 

Cl3 


50 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9. 1 0. 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

•pc 

40 


40 


45 


ns 

23 

Access time from RAS 

l RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

'CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

l AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

'CPA 


50 


50 


55 

ns 

26 

RAS pulse width 


60 


70 

100,000 

80 

100,000 

ns 


RA5 pulse width (FAST PAGE MODE) 

t RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 


25 


30 


30 


ns 

26 

RAS precharge time 

'RP 

40 


50 


60 


ns 

23 

CAS pulse width 


15 

100,000 

20 


20 


ns 

23 

CAS hold time 


55 


65 


75 


ns 

25 

CAS precharge time 

*CPN 

10 


10 


10 


ns 

16, 23 



10 


10 




ns 

23 

RAS to CAS delay time 


10 

35 

15 

40 

15 

50 

ns 

17,28 



15 


15 


15 


ns 

26 

Row address setup time 

l ASR 

10 


10 


10 


ns 

26 

Row address hold time 

! RAH 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

*RAD 

10 

20 

10 




ns 

18, 28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 

Column address hold time 

'CAH 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

l AR 

45 








Column address to 

RAS lead time 

'RAL 

40 








Read command setup time 

•RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

t RCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

t RRH 

-5 


-5 


-5 


ns 

19,25 

CAS to output in Low-Z 

l CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

^FF 

5 

30 

5 

30 

5 

30 

ns 

20, 29 

WE command setup time 

l WCS 

5 


5 


5 


ns 

24 
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MT 1 2D88C25636 
256K x 36, 512K x 18 1C DRAM CARD 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C :£ T A < 55°C; Vcc = 5V +5%) 


AC CHARACTERISTICS 


-6 ... 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

l WCH 

15 


20 


20 


ns 

24 

Write command hold time 
(referenced to RAS) 

*WCR 

40 


50 


55 


ns 

25 

Write command pulse width 

tWP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

>RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

*CWL 

20 


25 


25 


ns 

24 

Data-in setup time 

<DS 

5 


5 


5 


ns 

24 

Data-in hold time 

t DH 

5 


10 


10 


ns 

25 

Data-in hold time (referenced to RAS) 

l DHR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

n 

2 

15 

2 

15 

2 

15 

ns 

9, 10, 23 

Refresh period (1 ,024 cycles) 

*REF 


64 


64 


64 

ms 




10 


10 


10 


ns 

26 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 



20 


20 


ns 

5,26 

CAS hold time 

(CaS-BEFORE-TOS refresh) 

l CHR 

10 


10 


10 


ns 

5, 25 

WE hold time 

(CAS-BEFORE-RAS refresh) 

tWRH 

5 


5 


5 


ns 

22,25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

*WRP 

20 


20 


20 


ns 

22, 26 

WE hold time 
(WCBR test cycle) 

t WTH 

5 


5 


5 


ns 

22, 25 

WE setup time 

tWTS 

20 


20 


20 


ns 

22, 26 
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MT 1 2D88C25636 
256K x 36, 512K x 18 1C DRAM CARD 


NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100|is is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

20. ^OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. HVTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of *WRP and *WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x36 
mode. The stated maximums may be reduced by one 
half when used in the xl8 mode. 
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MT 1 2D88C25636 
256K x 36, 512K x 18 1C DRAM CARD 



TOSS-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



*RC 

*RAS ( 

l RP 

\ 



j *CRP 



JRPC^I 



‘asr 

*RAH 





row ; 

mMMMSMm 


CSS-BEFORE-RAS REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A8 = DON’T CARE) 
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RESERVED JEDEC, JEIDA and PCMCIA MT1 2D88C25636 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0 V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
DQ8 
A0 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (Vss) 
PD4 (Vss) 
PD6 (TBD) 
NC 
NC 
DQ17 
DQ9 
NC 
DQ10 
Vcc 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

NC 

Vss 

A1 

A3 

A5 

A7 

NC 

NC 

Vss 

NC 

NC 

CAS2 

Vss 

CAS3 

NC 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (NC) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 2 MEGABYTES 


51 2K x 36, 1 MEG x 18 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for xl8 or x36 selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 24mW standby, 2.7W active (typical) 

• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

GENERAL DESCRIPTION 

The MT24D88C51236 is a 2 megabyte, IC DRAM card 
organized as a 512K x 36 bit memory array. It may also be 
configured as a 1 Meg x 18 bit memory array, provided the 
corresponding DQs on the host system are made common 
and me mory b ank control procedures are implemented. 

Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT24D88C51236 is designed for low power opera- 
tion using 256K x 4 low power, extended refresh DRAMs. 

These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. Eight presence detect pins may be read by the host to 

Multiple RAS inputs conserve power by allowing indi- identify the MT24D88C51236 organization, number of 
vidual bank selection. In the x36 organization, the memory banks, access time and refresh mode. These extensive pres- 

array may be divided into two banks, each with four ence detect functions allow systems to utilize the advanced 

separate bytes. In the xl8 organization, up to four banks, power-saving features. 

each with two separate bytes, may be independently se- The MT24D88C51236 is built with a plastic frame covered 

lected. One bank is activated by each RAS selection; the by stainless steel panels. This package, containing an 88-pin 

others not selected remain in standby mode, drawing mini- receptacle connector, is keyed to prevent improper installa- 

mum power. tion or insertion into other types of IC card sockets. 
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PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26, 65, 69 

RASO-3 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row- 
address bits. Four RAS inputs allow for two x36 banks or 
four xl 8 banks. 

23, 24, 66, 68 

CAS0-3 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS is LOW, the 
access is a READ cycle. 

13, 57,14, 58,16, 
59,18,60,19 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 12,34,36, 
38-43, 33, 46-54, 
80-87,79 

DQ0-DQ35 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ35 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select. For READ access cycles, DQ0-DQ35 act as 
outputs for the addressed DRAM location. 

71,28, 72,29, 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 17,20,21,25, 
31,32, 35, 61,62, 
55,64,77,78 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44,45,56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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ON 


MT24D88C51 236 
512K x 36, 1 MEG x 18 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT24D88C51236 is a 2 megabyte me mory ca rd struc- 
tured a s a 51 2K x 36 bit memory array (RASO = RAS2 
RAS1 -RAS3). It also may be configured as a 1 Meg x 18 bit 
memory array provided the corresponding DQs on the host 
are connected and memory bank control procedures are 
implemented by interleaving all four RAS lines. 

Most x36 bit applications use the same signal to control 
the CAS inputs. RASO and RAS1 control the lower 18 bits, 
and RAS2 and RAS3 control the upper 18 bits to obtain a 
x36 memory array. For xl8 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
togeth e r (DQO to DQ18, DQ1 to DQ19 and so forth, and 
C ASO to C AS2 and C AS1 to C AS3 ). Each RAS is then a bank 
select for the 1 Meg x 18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining power and executing any RAS cycle [READ, WRITE, 
RASUNLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT- 
TERY BACKUP (BBU) REFRESH] so that all 512 combina- 
tions of RAS addresses (A0-A8) are executed at least eveiy 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 18 address bits, which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS th e latt er 9 bits. READ or W RITE cycles are selected 
with the WE input. A logic HIGH on WE dictates READ mode 
while a logic LOW on WE dictates WRITE mode. During a 
WRITE cycle, data in (D) is latched by the falling edge of 
CAS! WE mustfall prior to CAS (EARLY WRITE); if WE goes 
LOW after CAS, the outputs (Q) will be activated and will 


drive invalid data to the inputs. The data inputs and data 
outputs are routed through pins using common I/O, and 
pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address stro bed-in by R AS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent colum n addr esses, thus executing faster memory cycles. 
Returning RAS HIGH term inate s the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of the RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing incompat- 
ibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT24D88C51236 is constructed with a molded plas- 
tic frame and covered with stainless steel panels. Inside, 24 
thin small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT24D88C51236 operates reliably up to 55 °C. 
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MEMORY TRUTH TABLE 


FUNCTION 

Rffi> 

TM 

WE 

ADDRESSES 

DATA IN/OUT 

<R 

! C 

DQ0-DQ35 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 



Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H— L 

H 



Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 


L 


COL 

High-Z 

2nd Cycle 

L 


L 

n/a 

COL 

High-Z 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

ROW 

COL 

Data Out 

2nd Cycle 

L 


H-L 

n/a 


Data Out 

RAS-ONLY REFRESH 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAM 

Card 

RAS 

CAS 

Page 









Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 



9 

9 

512 

Vss 

Vss 

vss 

Vss 

E5I 

B 

B 

Bi 


512K x"ir9 


10 

mm 


NC 

Vss 

Vss 

Vss 

E3 

B 

B 

X 

4MB 

512K x 8, 9 

19 

10 

■■ 


NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 


1 Meg x 1,4, 16, 18 





Vss 

NC 

Vss 

Vss 

NC 


X 

X 


1 Meg x 1,4, 16, 18 





Vss 

NC 

Vss 

Vss 

Vss 

1 

X 

X 

8MB 

2 Meg x 8, 9 

21 

11 



NC 

NC 

Vss 

Vss 

NC 

B 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 



NC 

NC 

Vss 

Vss 

Vss 

B 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 



Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1,4, 16,18 

22 

12 




Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

B 

Q 


Vss 

Vss 

X 



80ns 

X 

X 

B 

B 

B 

NC 

Vss 

X 



70ns 

X 

X 

B 

□ 

B 

Vss 

NC 

X 



60ns 

X 

X 

B 

B 

m 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

! X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

j NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 
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TECHNOLOGY* INC. 


MT24D88C51 236 
512K x 36, 1 MEG x 18 1C DRAM CARD 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5.25V 

Operating Temperature T A (Ambient) ... 0°C to 55°C 

Storage Temperature ......20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current .. 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the Operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

pA 


Buffered 

1 IB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

48 

48 

48 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

4.8 

4.8 

4.8 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

1.0 

0.9 

0.8 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = l PC (MIN)) 

ICC4 

780 

660 

540 

mA 

3,4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = >RC (MIN)) 

ICC5 

1.0 

0.9 

0.8 

A 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = ! RC (MIN)) 

ICC6 

1.0 

0.9 

0.8 

A 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = 'HAS (MIN) up to 300ns; l RC = 125ps; WE, A0-A8 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

4.8 

■ . ■ 

4.8 

4.8 

. : j 

... | 

mA 

3,5 
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MICRON 

■ TECHNOLOGY, INC. 


MT24D88C51 236 
512K x 36, 1 MEG x 18 1C DRAM CARD 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A8 

Cm 


9 

PF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 

Cl3 


50 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


20 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

<RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

*PC 

40 

. 

40 


45 


ns 

23 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

*CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

'AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

*CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RA5 pulse width (FAST PAGE MODE) 

l RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

l RSH 

25 


30 


30 


ns 

26 

RAS precharge time 

*RP 

40 


50 


60 


ns 

23 

CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 

CAS hold time 

<CSH 

55 


65 


75 


ns 

25 

CAS precharge time 

^PN 

10 


10 


10 


ns 

16, 23 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 

*RCD 

10 

35 

15 

40 

15 

50 

ns 

17,28 

CAS to RAS precharge time 

*CRP 

15 


15 


15 


ns 

26 

Row address setup time 

'ASR 

10 


10 


10 


ns 

26 

Row address hold time 

t RAH 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

X RAD 

10 

20 

10 

25 

10 

30 

ns 

18,28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 

Column address hold time 

'CAR 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

'AR 

45 


50 


55 


ns 

25 

Column address to 

RAS lead time 

'RAL 

40 


45 


50 


ns 

26 

Read command setup time 

'RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

tRCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

tRRH 

-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 

*CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

'OFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29 

WE command setup time 

'wcs 

5 


5 


5 


ns 

24 
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I^IICZRON 


MT24D88C51 236 
512K x 36, 1 MEG x 18 1C DRAM CARD 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C <T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

l WCH 

15 


20 


20 


ns 

24 

Write command hold time 
(referenced to RAS) 

! WCR 

40 


50 


55 




Write command pulse width 

*WP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

'RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

'CWL 

20 


25 


25 


ns 

24 

Data-in setup time 

'DS 

5 


5 


5 


ns 

24 

Data-in hold time 

l DH 

5 


10 


10 


ns 

25 

Data-in hold time (referenced to RAS) 

l DHR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

l T 

2 

15 

2 

15 

2 

15 

ns 

9,10, 23 

Refresh period (1 ,024 cycles) 

'REF 


64 


64 


64 

ms 


RAS to CAS precharge time 

l RPC 

10 


10 


10 


ns 

26 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

'CSR 

20 


20 


20 


ns 

5, 26 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

•CHR 

10 


10 


10 


ns 

5, 25 

WE hold time 

(CAS-BEFORE-RAS refresh) 

l WRH 

5 


5 


5 


ns 

22, 25 

WE setup time 
(UAS-BEFORE-RAS refresh) 

l WRP 

20 


20 


20 


ns 

22, 26 

WE hold time 
(WCBR test cycle) 

t WTH 

5 


5 


5 


ns 

22, 25 

WE setup time 

'WTS 

20 


20 


20 


ns 

22, 26 
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MT24D88C51 236 
51 2K x 36, 1 MEG x 18 1C DRAM CARD 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that fcCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for 'CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 


specified *RCD (MAX) limit, then access time is 
controlled exclusively by klAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either tRCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. hVTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of HVRP and l WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based on one of the 
two banks operating or being refreshed (x36 mode). 
The stated maximums may be reduced by one half 
when used in the xl8 mode. Standby currents of the 
non-active bank are not included. 
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MT24D88C51 236 
512K x 36, 1 MEG x 18 1C DRAM CARD 




MICRON 

IS TF-CHNOLOGY. »NC. 


MT24D88C51236 
512K x 36, 1 MEG x 18 1C DRAM CARD 


FAST-PAGE-MODE READ CYCLE 


tRCD , I . *CAS 


< t RAD 
JASR. JRAH, 


*PC 

*CP , i, , { CAS 


< t ASC > < t CAH > 
COLUMN 


l CAS 





to 


■ 



FAST-PAGE-MODE EARLY-WRITE CYCLE 


t 

— 

f 

■-tRCS 

l RCH-^ 

1. . 

J 

- 

— 

ly-Ucs 


/rcTT 


Wt 



n 


m 




Bi 1 


*RCD , i _ *CAS 


*ASR l RAH - tASC *CAH 


a t ASC > I ^ t CAH > 
COLUMN 


< t ASC > ^ 
COLUMN 






NEW ■ 1C DRAM CARD 


MT24D88C51 236 
51 2K x 36, 1 MEG x 18 1C DRAM CARD 



I5A5-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CA5-BEFORE-RA5 REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A8 = DON’T CARE) 
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NEW 1 1C DRAM CARD 


MICRON 

■ TECHNOLOGY, INC. 


RESERVED JEDEC, JEIDA and PCMCIA MT24D88C51236 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASQ 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ11 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
DQ8 
AO 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (Vss) 
PD4 (Vss) 
PD6 (TBD) 
NC 
NC 
DQ17 
DQ9 
NC 
DQ10 
Vcc 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

NC 

Vss 

A1 

A3 

A5 

A7 

NC 

NC 

Vss 

NC 

RAS1 

CAS2, 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (Vss) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 4 MEGABYTES 

1 MEG x 36, 2 MEG x 18 


FEATURES 

• JEID A, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL c ompa tible 

• All input s buff ered except RAS inputs 

• Multiple RAS inputs for xl8 or x36 selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 12mW standby, 3.1 W active (typical) 

• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 

GENERAL DESCRIPTION 

The MT12D88C136 is a 4 megabyte, IC DRAM card 
organized as a 1 Meg x 36 bit memory array. It may also be 
configured as a 2 Meg x 18 bit memory array, provided the 
corresponding DQs on the host system are made common, 
and memory bank control procedures are implemented. 

Separate CAS inputs allow byte accesses. 

All in puts to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when as compared to standard 
DRAMs. 

The MT12D88C136 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. These 
devices support BATTERY BACKUP (BBU) cycle refresh; a 
very low current, data retention mode. Standard compo- Eight presence detect pins may be read by the host to 

nent DRAM refresh modes are supported as well. identify the MT12D88C136 organization, number of banks. 

Multiple RAS inputs conserve power by allowing indi- access time and refresh mode. These extensive presence 

vidual bank selection. In the x36 organization, the memory detect functions allow systems to utilize the advanced 

isasinglearraythatmaybedividedintofourseparatebytes. power-saving features. 

In the xl8 organization, up to two banks, each with two sep- The MT12D88C136 is built with a plastic frame covered 

arate bytes, may b e ind ependently selected. One bank is by stainless steel panels. This package, containing an 88-pin 

activated by each RAS selection; the others not selected receptacle connector, is keyed to prevent improper installa- 

remain in standby mode, drawing minimum power. tion or insertion into other types of IC card sockets. 
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MICRON 

m rt'CHNOLOOY. INC. 


MT12D88C136 
1 MEG x 36, 2 MEG x 18 1C DRAM CARD 


PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26 

RAS0, RAS2 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits. Two RAS inputs allow for a single x36 bank 
or two x18 banks. 

23,24,66,68 

CASO-3 

Input 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS is LOW, the 
access is a READ cycle. 

13, 57,14, 58,16, 59, 
18, 60, 19,61 



Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 12,34,36, 
38-43,33,46-54, 
80-87,79 

DQ0-DQ35 

MHH 

Data I/O: For WRITE cycles, DQ0-DQ35 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 
CAS select. For READ access cycles, DQ0-DQ35 act as 
outputs for the addressed DRAM location. 

71,28,72, 29, 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 17,20,21,25, 
31,32, 35, 62, 55, 

64, 77, 78, 65, 69 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44,45,56, 

63, 67,73,88 

Vss 

Supply 

Ground 
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MT12D88C136 
1 MEG x 36, 2 MEG x 18 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT12D88C136 is a 4 megabyte memory card as a 

1 Meg x 36 bit memory array (RASO = RAS2). It also may be 
configured as a 2 Meg x 18 bit memory array provided the 
corresponding DQs on the host are connected and memory 
bank contr ol procedures are implemented by interleaving 
both RAS lines. 

Most x36 bit applications use the same signal to control 
the CA S inputs. RASO controls the lower 18 bits and 
RAS2 controls the upper 18 bits to obtain a x36 memory 
array. For xl8 applications, the corresponding DQs and the 
corresponding CAS pins must be connected together (DQO 
to DQ1 8, DQ1 to DQ19 and so forth, and CASO to CAS2 and 
CAS1 to CAS3). Each RAS is then a bank select for the 

2 Meg x 18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
tainin g pow er and executing any RAScycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS'(CBR), HIDDEN or BAT- 
TERY BACKUP (BBU) REFRESH] so that all 1,024 combina- 
tions of RAS addresses (A0-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the penalty is the 
memory card will draw more current in the STANDBY 
mode. The CBR REFRESH mode is recommended when not 
using the BBU mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 ad dress bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cy cle, data in (D) is latched by the 
falling ed ge of CAS. WE mus t fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 


activated and will drive invalid data to the inputs. The data 
inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-inby holding RAS LOW and strobing-in differ- 
ent column addre sses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementati on of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component 
DRAM timing specifications, rather than those of the IC 
DRAM card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MTi2D88C136 is constructed with a molded plastic 
frame and covered with stainless steel panels. Inside, 12 thin 
small-outline package (TSOP) DRAMs are mounted on an 
ultrathin printed circuit board. The board is attached to a 
high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in- 
cluding insertion into other types of IC card sockets. The 
MT12D88C136 operates reliably up to 55°C. 
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MT12D88C136 
1 MEG x 36, 2 MEG x 18 1C DRAM CARD 


MEMORY TRUTH TABLE 


FUNCTION 

RA!T 

CSS" 

WE 

ADDRESSES 

DATA IN/OUT 

*R 

! c 

DQ0-DQ35 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

ROW 

COL 

Data In 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H-L 

n/a 

COL 

Data Out 

RAS-ONLY REFRESH 

H 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

I L 

H 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAM 

Card 

RAS 

CAS 

Page 









Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 

256Kx1,4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

2MB 

256Kx 1,4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

2MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 




“20 

To 

To 

1*024 

„V£2_ 

Vss 

”nc“ 

Vss 

Vss 

Vss 

"IT" 

x 8 


8MB 

2 Meg x 8, 9 

21 

ii 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

ii 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1, 4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

VSS 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 
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MT12D88C136 
1 MEG x 36, 2 MEG x 18 1C DRAM CARD 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5.25V 

Operating Temperature T A (Ambient) .. 0°C to 55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < t A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CQNDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

pA 


Buffered 

llB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

24 

24 

24 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

2.4 

2.4 

2.4 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: t RC = l RC (MIN)) 

ICC3 

1.2 

1.1 

1.0 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = l PC (MIN)) 

ICC4 

900 

750 

625 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: ‘RC = *RC (MIN)) 

ICC5 

1.2 

1.1 

1.0 

A 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = ‘RC (MIN)) 

ICC6 

1.2 

1.1 

1.0 . 

A 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = *RAS (MIN) up to 300ns; l RC = 1 25jLts; WE, A0-A9 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

|CC7 

3.2 

3.2 

3.2 

mA 

3,5 


MT12D88C136 
REV. 4/92 


4-98 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





MICRON 

■ TECHNOLOGY, INC. 


MT12D88C136 
1 MEG x 36, 2 MEG x 18 1C DRAM CARD 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A9 

Cn 


9 

PF 

2 

Input Capacitance: WE 

Cl2 


13 

pF 

2 

Input Capacitance: RASO, RAS2 

Cl3 


50 

RF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, ) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

tpc 

40 


40 


45 


ns 

23 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

‘CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

l AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

‘CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

tRSH 

25 


30 


30 


ns 

26 

RAS precharge time 

*RP 

45 


50 


60 


ns 

23 

CAS pulse width 

‘CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 

CAS hold time 

•CSH 

55 


65 


75 


ns 

25 

CAS precharge time 

l CPN 

10 


10 


10 


ns 

16,23 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 

'RCD 

10 

35 

15 

40 

15 

50 

ns 

17,28 

CAS to RAS precharge time 

•CRP 

15 


15 


15 


ns 

26 

Row address setup time 

*ASR 

10 


10 


10 


ns 

26 

Row address hold time 

tRAH 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

‘RAD 

10 

20 

10 

25 

10 

30 

ns 

18, 28 

Column address setup time 

‘ASC 

5 


5 


5 


ns 

24 

Column address hold time 

‘CAH 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

‘AR 

45 


50 


55 


ns 

25 

Column address to 

RAS lead time 

*ral 

40 


45 


50 


ns 

- — 

26 

Read command setup time 

*RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

tRCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

tRRH 

-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 

•CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

‘OFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29 

WE command setup time 

‘WCS 

5 


5 


5 


ns 

24 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

l WCH 

15 


20 


20 


ns 

24 

Write command hold time 
(referenced to RAS) 

*WCR 

40 


50 


55 


ns 

25 

Write command pulse width 

>WP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

'RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

'CWL 

20 


25 


25 


ns 

24 

Data-in setup time 

<DS 

5 


5 


5 


ns 

24 

Data-in hold time 

t DH 

5 


10 


10 


ns 

25 

Data-in hold time (referenced to RAS) 

x om 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

x j 

2 

15 

2 

15 

2 

15 

ns 

9, 10, 23 

Refresh period (1 ,024 cycles) 

'REF 


128 


128 


128 

ms 



'RPC 

10 


10 


10 


ns 

26 





20 


20 


ns 

5,26 

CAS hold time 

(CAS-BEFORE-RAS refresh) 


10 


10 


10 


ns 

5, 25 

WE hold time 

(CAS-BEFORE-RAS refresh) 


5 


5 


5 


ns 

22, 25 

WE setup time 
(CAS-BEFORE-RSS refresh) 


20 


20 




ns 

22, 26 

WE hold time 
(WCBR test cycle) 


5 


5 


5 


ns 

22, 25 

WE setup time 

*WTS 

20 


20 


20 


ns 

22, 26 


MT12D88C136 
REV. 4/92 


4-100 


Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Inc 






MICRON 

m TECHNOLOGY, INC. 


MT12D88C136 
1 MEG x 36, 2 MEG x 18 1C DRAM CARD 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates, 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of 100|is is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the *REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is high impedance. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < 4 RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > fc RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 


a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by f CAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 

19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. hVTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of t WRP and *WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x36 
mode. The stated maximums may be reduced by one 
half when used in the xl8 mode. 
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/OF 

F ( ' 






; VALID DATA 

i 


ADDR ''//A 


EARLY-WRITE CYCLE 



tRSH 

t l RCD 

a *CAS 






l AR 


. 

■ * RAD , | , 


l RAL 



| DON’T CARE 
I UNDEFINED 
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NEW | 1C DRAM CARD 



RA5-0NLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CE5-BEFORE-TO® REFRESH CYCLE 

(A0-A9= DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9 = DON’T CARE) 
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MT12D88C136 
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RESERVED JEDEC, JEIDA and PCMCIA MT12D88C1 36 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 1 1 
DQ8 12 
AO 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 VSS 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
DQ8 
A0 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (NC) 
PD4 (Vss) 
PD6 (TBD) 
NC 
NC 
DQ17 
DQ9 
NC 
DQ10 
Vcc 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

NC 

Vss 

A1 

A3 

A5 

A7 

A9 

NC 

Vss 

NC 

NC 

CAS2 

Vss 

CAS3 

NC 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (NC) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 8 MEGABYTES 


2 MEG x 36, 4 MEG x 18 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for xl8 or x36 selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 24mW standby, 3.1 W active (typical) 

• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80 ns access -8 

GENERAL DESCRIPTION 

The MT24D88C236 is an 8 megabyte, IC DRAM card 
organized as a 2 Meg x 36 bit memory array. It may also be 
configured as a 4 Meg x 18 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT24D88C236 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi- 
vidual bank selection. In the x36 organization, the memory 
array may be divided into two banks, each with four 
separate bytes. In the xl8 organization, up to four banks. 



Eight presence detect pins may be read by the host to 
identify the MT24D88C236 organization, number of 
banks, access time and refresh mode. These extensive pres- 
ence detect functions allow systems to utilize the advanced 
power-saving features. 


each with two separate bytes, may be independently se- 
lected. One bank is activated by each RAS selection; the 
others not selected remain in standby mode, drawing mini- 
mum power. 


The MT24D88C236 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper instal- 
lation or insertion into other types of IC card sockets. 


MT24D88C236 
REV. 4/92 


4-107 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW ■ IC DRAM CARD 





NEW ■ 1C DRAM CARD 


MICRON 

H TECHNOLOGY, INC. 


MT24D88C236 
2 MEG x 36, 4 MEG x 18 1C DRAM CARD 
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MICRON 

m TECHNOLOGY, INC. 


MT24D88C236 
2 MEG x 36, 4 MEG x 18 1C DRAM CARD 


PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26, 65, 69 

RAS0-3 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits. Four RAS inputs allow for two x36 banks or 
four xl 8 banks. 

23, 24, 66, 68 

.. ' 

CAS0-3 

Input 

Column Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration. 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH while CAS is LOW, the 
access is a READ cycle. 

13, 57,14, 58,16,59, 
18, 60,19, 61 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 12, 34, 36, 
38-43, 33, 46-54, 
80-87, 79 

DQ0-DQ35 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ35 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select. For READ access cycles, DQ0-DQ35 act as 
outputs for the addressed DRAM location. 

71,28,72,29, 

74,30,75,76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 17, 20, 21,25, 
31,32, 35, 62, 55, 

64, 77, 78 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1 , 44, 45, 56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT24D88C236 is an 8 megabyte memory card 
structured as a 2 Meg x 36 bit memory array (RAS0= RAS2, 
RAS1 = RAS3). It also may be configured as a 4 Meg X 18 bit 
memory array provided the corresponding DQs on the host 
are connected and memory bank control procedures are 
implemented by interleaving all four RAS lines. 

Most x36 bit applications use the same signal to control 
the CAS inputs. RASO and RAS1 control the lower 18 bits, 
and RAS2 and RAS3 control the upper 18 bits to obtain a 
x36 memory array. For xl8 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
togethe r (DQO to DQ18, DQ1 to DQ19 and so forth, and 
C ASO to C AS2 and C AS1 to C AS3 ) . Each RAS is then a bank 
select for the 4 Meg x 18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining pow er and executing any R AS cycle [READ, WRITE, 
RAS-ONLY, CASd3EFORE-RAS(CBR), HIDDEN or BAT- 
TERY B ACKU P (BBU) REFRESH] so that all 1,024 combina- 
tions of RAS addresses (A0-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling ed ge of CAS. WE mus t fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 


activated and will drive invalid data to the inputs. The data 
inputs and data outputs are routed through pins u sing 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address strobed-in by RAS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH term inate s the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. A lso, th e chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component 
DRAM timing specifications, rather than those of the IC 
DRAM card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT24D88C236 is constructed with a molded plastic 
frame and covered withstainless steel panels. Inside, 24 thin 
small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT24D88C236 operates reliably up to 55°C. 
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MEMORY TRUTH TABLE 


FUNCTION 

RAS 

JM 

WF 

ADDRESSES 

DATA IN/OUT 

! R 

! c 

DQ0-DQ35 

Standby 

H 

H-X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H— L 

ROW 

COL 


FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

ROW 

COL 

Data Out 

2nd Cycle 

L 


H 

n/a 



FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 



Data In 

2nd Cycle 

L 

H-L 

L 

n/a 

COL 


FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H—L 

H-L 

ROW 

COL 


2nd Cycle 

L 

H-L 

H-*L 

n/a 

COL 

Data Out 

RAS-ONLY REFRESH 

H 

X 

X 


n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

mssm 

COL 


WRITE 

L-H-L 

L 

L 



Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H— L 

L 

H 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 



NOTE: Vss = Ground. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5.25V 

Operating Temperature T A (Ambient) 0°C to 55°C 

Storage Temperature ....-20°C to +80°C 

Power Dissipation 15 W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(OV < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

P A 


Buffered 

llB 

-2 

2 

(iA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

48 

48 

48 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

4.8 

4.8 

4.8 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = l RC (MIN)) 

ICC3 

1.2 

1.1 

1.0 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = l PC (MIN)) 

ICC4 

860 

740 

620 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = l RC (MIN)) 

ICC5 

1.2 

1.1 

1.0 

A 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = *RC (MIN)) 

ICC6 

1.2 

1.1 

1.0 

A 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = *RAS (MIN) up to 300ns; l RC = 125|ns; WE, A0-A9 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

6.4 

6.4 

6.4 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A9 

Cn 


9 

pF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS1 , RAS2, RAS3 

Cl3 


50 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


24 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 12, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

l PC 

40 


40 


45 


ns 

23 

Access time from RAS 

'RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

*CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

*AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

'CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

*RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS pulse width (FAST PAGE MODE) 

t RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

tRSH 

25 


30 


30 


ns 

26 

RAS precharge time 

*RP 

45 


50 


60 


ns 

23 

CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 

CAS hold time 

'CSH 

55 


65 


75 


ns 

25 

CAS precharge time 

tCPN 

10 


10 


10 


ns 

16, 23 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 

'RCD 

10 

35 

15 

40 

15 

50 

ns 

17, 28 

CAS to RAS precharge time 

*CRP 

15 


15 


15 


ns 

26 

Row address setup time 

'ASR 

10 


10 


10 


ns 

26 

Row address hold time 

l RAH ! 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

'RAD 

10 

20 

10 

25 

10 

30 

ns 

18, 28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 

Column address hold time 

'CAH 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

'AR 

45 


50 


55 


ns 

25 

Column address to 

RAS lead time 

'RAL 

40 


45 


50 


ns 

26 

Read command setup time 

>RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

'RCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

tRRH 

-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 

*CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

tOFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29 

WE command setup time 

'wcs 

5 


5 


5 


ns 

24 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

15 


20 


20 


ns 

24 

Write command hold time 

*WCR 

40 


50 




ns 

25 

(referenced to RAS) 










Write command pulse width 

*WP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

x mii 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

'C\NL 

20 


25 


25 


ns 

24 

Data-in setup time 

>DS 

5 


5 


5 


ns 

24 

Data-in hold time 

'DH 

5 


10 


10 


ns 

25 

Data-in hold time (referenced to RAS) 

hdhr 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

n 

2 

15 

2 

15 

2 

15 

ns 


Refresh period (1,024 cycles) 

'REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

l RPC 

10 


10 


10 


ns 

26 

CAS setup time 

<CSR 

20 


20 


20 


ns 

: ■ 

(CAS-BEFORE-RAS refresh) 









■ I 

CAS hold time 

^HR 

10 


10 


10 


ns 

■ 

(CAS-BEFORE-RAS refresh) 









■ Hi 

WE hold time 

'WRH 

5 


5 


5 




(CAS-BEFORE-RAS refresh) 







. j 



WE setup time 

l WRP 

20 


20 


20 


ns 

22, 26 

(CAS-BEFORE-RAS refresh) 










WE hold time 

’WTH 

5 


5 


5 


ns 

22, 25 

(WCBR test cycle) 










WE setup time 

'WTS 

20 


20 


20 


ns 

22, 26 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
t RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 


specified *RCD (MAX) limit, then access time is 
controlled exclusively by *CAC. 

18. Operation within the *11X0 (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *rXd (MAX) limit, then access time is 
controlled exclusively by *AA. 

Either *RCH or *RRH must be satisfied for a READ 
cycle. 

*OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

*W TS an d *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of *WRP and *WRH in the 
CBR refresh cycle. 

Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

The maximum current ratings are based on one of the 
two banks operating or being refreshed (x36 mode). 
The stated maximums may be reduced by one half 
when used in the xl8 mode. Standby currents of the 
non-active bank are not included. 


19. 

20 . 

21 . 

22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 
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I^IICZRON 


MT24D88C236 
2 MEG x 36, 4 MEG x 18 1C DRAM CARD 


MAS-ONLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CA5-BEFORE-MA5 REFRESH CYCLE 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9 = DON’T CARE) 
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RESERVED JEDEC 88-PIN ASSIGNMENT 

(All Possible Combinations) 


MT24D88C236 PIN ASSIGNMENT 

(JEDEC Standard) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0 V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 VSS 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
DQ8 
AO 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (NC) 
PD4 (Vss) 
PD6 (TBD) 
NC 
NC 
DQ17 
DQ9 
NC 
DQ10 
Vcc 
DQ1 1 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

NC 

Vss 

At 

A3 

A5 

A7 

A9 

NC 

Vss 

NC 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (Vss) 

PD7 (TBD) 

PD8 (NC) 

NC 

NC 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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■ TECHNOLOGY, INC. 
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1C DRAM CARD 1 MEGABYTE 

256K x 40, 51 2K x 20 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for xl6/18/20 or x32/36/40 

selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 12mW standby, 2.7W active (typical) 

• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 


GENERAL DESCRIPTION 

The MT12D88C25640 is a 1 megabyte, IC DRAM card 
organized primarily as a 256K x 40 bit memory array for 
EDC applications. It may be used as a x32 or x36 bit memory 
array (the unused DQs should be tied to Vss or Vcc through 
current limiting resistors). It may also be configured as a 
512K x 20 bit memory array, provided the corresponding 
DQs on the host system are made common and memory 
bank control procedures are implemented. Separate CAS 
inputs allow byte accesses. 

All in puts to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT12D88C25640 is designed for low power opera- 
tion using 256K x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 



Multiple RAS inputs conserve power by allowing indi- 
vidual bank selection. In the x32/36/40 organization, the 
memory is a single array that may be divided into four 
separate bytes (x32/x36 only). In the xl6/ 18/20 organiza- 
tion, up to two banks, each with two separate bytes, may be 
independently selected. One bank is activated by each 
RAS selection; the others not selected remain in standby 
mode/drawing minimum power. 
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Eight presence detect pins may be read by the host to 
identify the MT12D88C25640 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power saving features. 


The MT12D88C25640 is built with a plastic frame covered 
by stainless steel panels. This package. Containing an 88-pin 
receptacle connector, is keyed to prevent improper installa- 
tion or insertion into other types of IC card sockets. 


FUNCTIONAL BLOCK DIAGRAM 



NOTE: 1 . D = 74AC1 1 244 line drivers. 

2. B1 and B2 = 256K x 11 memory blocks; B3 and B4 = 256K x 9 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 
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PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26 

RAS0, RAS2 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row- 
address bits. Two RAS inputs allow for a single X32/36/40 
bank or two xl 6/1 8/20 banks. 

23, 24, 66, 68 

CASO-3 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration (not in x40 mode). 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

OE 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13,57,14,58,16, 

59, 18, 60, 19 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 12, 34, 36, 
38-43, 33, 46-54, 80-87, 
79, 31,32, 77, 78 

DQ0-DQ39 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ39 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select (x32/36 mode only). For READ access cycles, 
DQ0-DQ39 act as outputs for the addressed DRAM 
location. 

71,28,72,29, 

74,30,75,76 

PD1-PD8 


Presence Detect: These pins are read by the 

host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11,17, 20,21,25, 

35, 61,62, 

64, 65, 69 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44, 45, 56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT12D88C25640 is a 1 megabyte memory card 
structu red as a 256K x 32/36/40 bit memory array (RASO = 
RAS2). It also may be configured as a 512K x 16/18/20 bit 
memory array, provided the corresponding DQs on the 
host are connected and memory bank control procedures 
are implemented by interleaving both RAS lines. 

Most x32/36/40 bit applications use the same signal to 
con trol the CAS inputs. RASO controls the lower 16/18 bits, 
and RAS2 controls the upper 16/18 bits to obtain a x32/36 
memory array. For xl6/18 a pplica tions, the corresponding 
DQs and the corresponding CAS pins must be connected 
togeth e r (DQO to DQ18, DQ1 to DQ19 and s o forth, and 
CASO to CAS2 and CAS1 to CAS3 ). Each RAS is then a bank 
select for the 512K x 16/18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
tainin gpow er and executing any R AS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT- 
TERY BACKUP (BBU) REFRESH] so that all 512 combina- 
tions of RAS addresses (A0-A8) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through th e 18 a ddress bits, which are entered 9 
bits (A O -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latte r 9 bits. READ or WRIT E cyc les are selected 
with the WE input. A logic HIGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of CAS] WE mu st fall prior to CAS (EARLY WRITE) ; 
if WE goes LOW after CAS, the outputs (Q) will be activated 


and will drive invalid data to the inputs, unless LATE- 
WRITE cycle timing specifications are met. The data inputs 
and data outputs are routed through pins using common 
I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address strobed-in by RAS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
in puts to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buff ered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT12D88C25640 is constructed with a molded plas- 
tic frame and covered with stainless steel panels. Inside, 8 
thin small-outline package (TSOP) DRAMs are mounted on 
an ultrathin printed circuit board. The board is attached to 
a high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in- 
cluding insertion into other types of IC card sockets. The 
MT12D88C25640 operates reliably up to 55°C. 
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MEMORY TRUTH TABLE 


FUNCTION 

HRS 


WE 

w 

ADDRESSES 

DATA IN/OUT 


*c 

DQ0-DQ39 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H— L 

L-H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H~*L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H— L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H— L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H->L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 


High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 


Card 

DRAM 

Card 

RAS 

ras 

Page 










Organizations 



Address 


1 

2 

3 

4 

5 

6 

7 

8 



X 

X 





123 


NC 

D 

D 

D 

m sal 




9 

9 

512 

mg 



i ; 

■BSl 

K U 

ma 

: : 

mm 

2MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

4MB 

1 Meg x 1,4, 16, 18 

20 

to 

TO 

1,024 

Vss 

NC 

Vss 

Vss 

NC 

X 

X 

X 

8MB 

1 Meg x 1,4, 16, 18 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

8MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg xt, 4,. 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 
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^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1,3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1 ) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

IlN 

-12 

12 

pA 


Buffered 

1 IB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Ycc Supply Relative to Vss -0.5V to +5. 25V 

Operating Temperature, T A (Ambient) 0°C to +55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

24 

24 

24 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

2.4 

2.4 

2.4 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = l RC (MIN)) 

ICC3 

1.0 

0.9 

0.8 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: 'PC = 'PC (MIN)) 

ICC4 

780 

660 

540 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: >RC = 'RC (MIN)) 

ICC5 

1.0 

0.9 

0.8 

A 

3, 30 

REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: l RC = 'PC (MIN)) 

ICC6 

1.0 

0.9 

0.8 

A 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = t RAS (MIN) up to 300ns; l RC = 125ps; WE, A0-A8 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

2.4 

2.4 

2.4 

• 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1, CAS2, CAS3, A0-A8, OE 

Cn 


9 


2 

Input Capacitance: WE 

Cl2 




2 

Input Capacitance: RASO, RAS2 

Cl3 


50 

pF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

pF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

7 , 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

110 


130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

*pc 

40 


40 


45 


ns 

23 

Access time from RAS 

l RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

<CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

l AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

l CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS pulse width (FAST PAGE MODE) 

tRASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

l RSH 

25 


30 


30 


ns 

26 

RAS precharge time 

'RP 

40 


50 


60 


ns 

23 

CAS pulse width 

•CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 

CAS hold time 

’CSH 

55 


65 


75 


ns 

25 

CAS precharge time 

*CPN 

10 


10 


10 


ns 

16, 23 

CAS precharge time (FAST PAGE MODE) 

*CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 

*RCD 

10 

35 

15 

40 

15 

50 

ns 

17, 28 

CAS to RAS precharge time 

'CRP 

15 


15 


15 


ns 

26 

Row address setup time 

l ASR 

10 


10 


10 


ns 

26 

Row address hold time 

t RAH 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

l RAD 

10 

20 

10 


10 


ns 

18, 28 

Column address setup time 

'ASC 

5 


5 


5 


ns 


Column address hold time 

*CAH 

15 


20 


20 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

45 






ns 


Column address to 

RAS lead time 


40 


m 




ns 


Read command setup time 


5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 


5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 


-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 


5 


5 


5 


ns 

24 

Output buffer turn-off delay 

'OFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29, 35 

WE command setup time 

*wcs 

5 


5 


5 


ns 

24 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1, 12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


_ -6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

*WCH 

15 


20 


20 


ns 

24 

Write command hold time 

*WCR 

40 


50 


55 

■ 

ns 

25 

(referenced to RAS) 










Write command pulse width 

tWP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

tRWL 

25 


30 


30 



26 

Write command to CAS lead time 

'CWL 

20 


25 


25 



24 

Data-in setup time 

'DS 

5 


5 


5 




Data-in hold time 

*DH 

5 


10 


10 




Data-in hold time (referenced to RAS) 

*DHR 

45 


55 


60 


ns 


Transition, time (rise or fall) 

l T 

2 

15 

2 

15 

2 

15 


mum 

Refresh period (1,024 cycles) 

'REF 


128 


128 


128 



RAS to CAS precharge time 

tRPC 

10 


10 


10 



26 

CAS setup time 

'CSR 

20 


20 


20 


ns 

5, 26 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

'CHR 

10 


10 


10 


ns 

5, 25 

(CAS-BEFORE-RAS refresh) 










WE hold time 

*WRH 

5 


5 


5 


ns 


(CAS-BEFORE-RAS refresh) 









■ I 

WE setup time 




20 


20 


ns 


(CAS-BEFORE-RAS refresh) 









■ 

WE hold time 


5 


5 


5 


ns 


(WCBR test cycle) 









■MB 

WE setup time 


20 


20 


20 


ns 

22,26 

READ-WRITE cycle time 

*RWC 

165 


185 i 


205 


ns 


FAST-PAGE-MODE 

tpRWC 

90 


95 


100 


ns 

23 

READ-WRITE cycle time 










RAS to WE delay time 

*RWD 

80 


90 


100 


ns 

31,27 

Column Address 

VWVD 

65 


70 


75 


ns 

31,24 

to WE delay time 










CAS to WE delay time 

l CWD 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

'OE 


25 


30 


30 

ns 

20, 33, 26 

Output disable 

•OD 


25 


30 


30 

ns 

35, 26 

OE hold time from WE during 

! oeh 

5 


10 


10 


ns 

34, 27 

READ-MODIFY-WRITE cycle 










OE hold time from RAS during 

*ORD 

10 


10 


10 


ns 

21,26 

HIDDEN REFRESH cycle 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume t T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that *RCD > t RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ‘CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified l RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either t RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. *WTS and *WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of HVRP and hVRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the xl6/ 18/20 mode. 

31. tWCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If ^CS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
inde termin ate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 
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NOTES (continued) 

32. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 


remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once l OD or ^OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE- WRITE and READ-MODIFY-WRITE CYCLES) 



El UNDEFINED 
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IRG5-ONLY REFRESH CYCLE 

(ADDR = A0-A8; WE = DON’T CARE) 



CA5-BEFORE-RA5 REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



Y7A DON’T CARE 

$$] UNDEFINED 
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RESERVED JEDEC, JEIDA and PCMCIA MT1 2D88C25640 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
AO 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
DQ8 
A0 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (Vss) 
PD4 (Vss) 
PD6 (TBD) 
DQ36 
DQ37 
DQ17 
DQ9 
NC 
DQ10 
VCC 
DQ1 1 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 



45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 


Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

OE (Vss) 

Vss 

A1 

A3 

A5 

A7 

NC 

NC 

Vss 

NC 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (Vss) 

PD7 (TBD) 

PD8 (NC) 

DQ38 

DQ39 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 2 MEGABYTES 


51 2K x 40, 1 MEG x 20 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for xl6/18/20 or x32/36/40 

selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
BATTERY BACKUP (BBU) and HIDDEN 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 24mW standby, 2.7W active (typical) 

• Extended refresh standard: 512 cycles every 64ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 


GENERAL DESCRIPTION 

The MT24D88C51240 is a 2 megabyte, IC DRAM card 
organized primarily as a 512K x 40 bit memory array for 
EDC applications. It maybe used as a x32 or x36 bit memory 
array (the unused DQs should be tied to Vss or 
Vcc through current limiting resistors). It may also be 
configured as a 1 Meg x 20 bit memory array, provided the 
corresponding DQs on the host system are made common 
and me mory b ank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All in puts to the DRAMs are buffered, with the exception 
□f RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs . 

The MT24D88C51240 is designed for low power opera- 
tion using 256K x 4 low power, extended refresh DRAMs. 
rhese devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
zomponent DRAM refresh modes are supported as well. 



Multiple RAS inputs conserve power by allowing indi- 
vidual bank selection. In the x32/36/40 organization, the 


memory array may be divided into two banks, each with 
four separate bytes (x32/36 only). In the xl6/ 18/20 organi- 
zation, up to four banks, each with two separate bytes, may 
be in dependently selected. One bank is activated by each 
RAS selection; the others not selected remain in standby 
mode, drawing minimum power. 
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Eight presence detect pins may be read by the host to 
identify the MT24D88C51240 organization, number of 
banks, access time and refresh mode. These extensive pres- 
ence detect functions allow systems to utilize the advanced 
power saving features. 


The MT24D88C51240 is built with a plastic frame coveted 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa- 
tion or insertion into other types of IC card sockets. 


FUNCTIONAL BLOCK DIAGRAM 


RAS3 

CAS3 

OE 


WE 


CAS2 

RAS2 


RAS1 

CAS1 


RASO 



NOTE: 1 . D = 74AG1 1244 line drivers. 

2. Bl^ B2, B5 and B6 = 256K x 1 1 memory blocks; B3, B4, B7 and B8 = 256K x 9 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 
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PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26, 65, 69 

RASO-3 

• • . 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row- 
address bits. Four RAS inputs allow for two X32/36/40 
banks or four xl 6/1 8/20 banks. 

23, 24, 66, 68 

CASO-3 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration (not in x40 mode). 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

OE 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13,57,14,58, 16, 
59,18,60,19 

A0-A8 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 12, 34, 36, 
38-43, 33, 46-54, 80-87, 
79,31,32,77,78 

DQ0-DQ39 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ39 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select (x32/36 mode only). For READ access cycles, 
DQ0-DQ39 act as outputs for the addressed DRAM 
location. 

71 , 28, 72, 29, 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11,17, 20,21,25, 

35, 61,62, 64 

NC 


No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44,45,56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 

■ ■ ■ 
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MT24D88C51 240 
51 2K x 40, 1 MEG x 20 1C DRAM CARD 


FUNCTIONAL DESCRIPTION 

The MT24D88C51240 is a 2 megabyte memo ry card 
structured as a 512K x 32/36/40 bit memory array (RASO = 
RAS2, RAS1 = RAS3). It also may be configured as a 1 Meg 
x 16/18/20 bit memory array provided the corresponding 
DQs on the host are connected and memory bank control 
procedures are implemented by interleaving all four RAS 
lines. 

Most x3 2/36/ 40 bit a pplicat ion s use th e same signal to 
control the CAS inputs. RASO and RAS1 control the lower 
16/18 bits, and RAS2 and RAS3 control the upper 16/ 18bits 
to obtain a x32/36 memory array. For xl6/18 applications, 
the corresponding DQs and the corresponding CAS pins 
must be connect ed toge ther (DQ0 t o DQ18 , DQ1 to DQ19 
and so forth, and CAS0 to CAS2 and CAS1 to CAS3 ). Each 
RAS is then a bank select for the 1 Meg x 16/18 memory 
organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining power and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT- 
TERY B ACKU P (BBU) REFRESH] so that all 512 combina- 
tions of RAS addresses (A0-A8) are executed at least every 
64ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle . However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through th e 18 a ddress bits, which are entered 9 
bits (A0 -A8) at a time. RAS is used to latch the first 9 bits and 
CAS the latte r 9 bits. READ or WRIT E cyc les are selected 
with the WE input. A logic H IGH on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 
During a WRITE cycle, data in (D) is latched by the falling 
edge of CAS! WE must fall prior to CAS (EARLY WRITE); 


if WE goes LOW after CAS, the outputs (Q) will be 
activated and will drive invalid data to the inputs. The data 
inputs and data outputs are routed through p ins u sing 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A8) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address stro bed-in by R AS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addr esses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. A lso, th e chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT24D88C51240 is constructed with a molded plas- 
tic frame and covered with stainless steel panels. Inside, 
four thin small-outline package (TSOP) DRAMs are 
mounted on both sides of an ultrathin printed circuit board. 
The board is attached to a high insertion, 88-pin receptacle 
connector. The package has a polarized key to prevent 
improper installation, including insertion into other types 
of IC card sockets. The MT24D88C51240 operates reliably 
up to 55°C. 
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MEMORY TRUTH TABLE 


FUNCTION 

RAS 

CA!f 

WE 

W 

ADDRESSES 

DATA IN/OUT 

*R 

*C 

DQ0-DQ39 

Standby 

H 

H-OC 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 




Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-+L 

L-H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H— L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H— L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data-In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H— L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-*L 

L 

H 

X 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAIVI 

Card 

MS 

CAS 

Page 









Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 

256K x 1 , 4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

NC 

X 

X 

X 





mm 

BUS 

Mill 

MSI 

WmsMm 

mmm 

§111 

Km 

'■/ f; 


nn 


2MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

4MB 

1 Meg x 1,4, 16, 18 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

NC 

X 

X 

X 

8MB 

1 Meg x 1,4, 16, 18 

20 

10 

10 

1,024 

Vss 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

8MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1, 4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 


MT24D88C51 240 
REV. 4/92 


4-141 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1 992, Micron Technology, Inc. 


NEW ■ 1C DRAM CARD 






NEW ■ 1C DRAM CARD 



SIM* 


TECHNOLOGY, INC. 


MT24D88C51 240 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -0.5V to +5.25V 

Operating Temperature, T A (Ambient) 0°C to +55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V +5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

pA 


Buffered 

1 IB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

48 

48 

48 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

4.8 

4.8 

4.8 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

1.0 

0.9 

0.8 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: { PC = *PC (MIN)) 

ICC4 

780 

660 

540 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: l RC = X RC (MIN)) 

ICC5 

1.0 

0.9 

0.8 

A 

3,30 

REFRESH CURRENT: CAS-BEFORE-RAg (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: ‘RC = ‘RC (MIN)) 

lCC6 

1.0 

0.9 

0.8 

A 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = ! RAS (MIN) up to 300ns; l RC = 125ps; WE, A0-A8 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

4.8 

4.8 

4.8 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A8, OE 

Cn 


9 


2 

Input Capacitance: WE 

Cl2 




2 

Input Capacitance: RASO, RAS1 , RAS2, RAS3 

Cl3 




2 

Input/Output Capacitance: DQ 

Cio 


20 

PF 

2 



CAS precharge time 


CAS precharge time (FAST PAGE MODE) 'CP 


RAS to CAS delay time 


CAS to RAS precharge time 


Row address setup time 


Row address hold time 


RAS to column 
address delay time 


Column address setup time 


Column address hold time 


Column address hold time 
(referenced to RAS) 


Column address to 
RAS lead time 


Read command setup time 


Read command hold time 
(referenced to CAS) 


Read command hold time 
(referenced to RAS) 


Output buffer turn-off delay 


WE command setup time 


'OFF 


t WCS 
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MICRON 

■ TECHNOLOGY. INC. 


MT24D88C51 240 
51 2K x 40, 1 MEG x 20 1C DRAM CARD 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V +5%) 


AC CHARACTERISTICS 


. .. -6 

- 

7 

-8 . 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

tWCH 

15 


20 


20 


ns 

24 

Write command hold time 

*WCR 

40 


50 


55 


ns 

25 

(referenced to RAS) 










Write command pulse width 

twp 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

*RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

X C\NL 

20 


25 


25 


ns 

24 

Data-in setup time 

*DS 

5 


5 


5 


ns 

24, 32 

Data-in hold time 

X DH 

5 


10 


10 


ns 

25, 32 

Data-in hold time (referenced to RAS) 

l DHR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

*T 

2 

15 

2 

15 

2 

15 

ns 

9, 10,23 

Refresh period (1 ,024 cycles) 

•ref 


128 


128 


128 

ms 


RAS to CAS precharge time 

'RPC 

10 


10 


10 

, 

ns 

26 

CAS setup time 

l CSR 

20 


20 


20 


ns 

5,26 

(CAS-BEFORE-RAS refresh) 










CAS hold time 

l CHR 

10 


10 


10 


ns 

5, 25 

(CAS-BEFORE-RAS refresh) 










WE hold time 

*WRH 

5 


5 


5 


ns 

22, 25 

(CAS-BEFORE-RAS refresh) 










WE setup time 

*WRP 

20 


20 


20 


ns 

22,26 

(CAS-BEFORE-RAS refresh) 










WE hold time 

*WTH 

5 


5 


5 


ns 

22, 25 

(WCBR test cycle) 










WE setup time 

'WTS 

20 


20 


20 


ns 

22,26 

READ-WRITE cycle time 

*RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

'PRWC 

90 


95 


100 


ns 

23 

READ-WRITE cycle time 










RAS to WE delay time 

*RWD 

80 


90 


100 


ns 

31, 27 

Column Address 

l AWD | 

65 


70 


75 


ns 

31,24 

to WE delay time 










CAS to WE delay time 

l CWD 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

x OE 


25 


30 


30 

ns 

20, 33, 26 

Output disable 

<OD 


25 


30 


30 

ns 

35, 26 

OE hold time from WE during 

*OEH 

5 


10 


10 


ns 

34,27 

READ-MODIFY-WRITE cycle 










OE hold time from RAS during 

'ORD 

10 


10 


10 


ns 

21,26 

HIDDEN REFRESH cycle 











MT24D88C51 240 
REV. 4/92 


4-144 


Micron Technology, Inc., reserves the right to change products or specifications without notic 

©1992, Micron Technology, Ir 





I-Itf 


MT24D88C51 240 
51 2K x 40, 1 MEG x 20 1C DRAM CARD 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of IOOjlls is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 

, tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If 4 RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > 4 RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for ^CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. t RCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by t CAC. 

.8. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. tW TS an d ^WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of HVRP and *WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the xl6/18/20 mode. 

31. hVCS, *RWD, *AWD and l CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If 4 WCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and f CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 
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NOTES (continued) 

32. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and l OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 


remains LOW and OE is taken back LOW after OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once l OD or t OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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I^IICZRON 


MT24D88C51 240 
51 2K x 40, 1 MEG x 20 1C DRAM CARD 



CA5-BEFORE-EA5 REFRESH CYCLE 

(A0-A8 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A8 = DON’T CARE) 
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MT24D88C51 240 
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RESERVED JEDEC, JEIDA and PCMCIA MT24D88C51240 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
A0 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 VSS 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 . 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 
DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
Vcc 
DQ7 
NC 
DQ8 
AO 
A2 
Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (Vss) 
PD4 (Vss) 
PD6 (TBD) 
DQ36 
DQ37 
DQ17 
DQ9 
NC 
DQ10 
Vcc 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

OE (Vss) 

Vss 

A1 

A3 

A5 

A7 

NC 

NC 

Vss 

NC 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (Vss) 

PD7 (TBD) 

PD8 (NC) 

DQ38 

DQ39 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 4 MEGABYTES 

1 MEG x 40, 2 MEG x 20 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL compatible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for xl6/18/20 or x32/36/40 
selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 
HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 12mW standby, 3.3W active (typical) 

• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 


GENERAL DESCRIPTION 

The MT12D88C140 is a 4 megabyte, IC DRAM card 
organized primarily as a 1 Meg x 40 bit memory array for 
EDC applications. It may be used as a x32 or x36 bit memory 
array (the unused DQs should be tied to Vss or 
Vcc through current limiting resistors). It may also be 
configured as a 2 Meg x 20 bit memory array, provided the 
corresponding DQs on the host system are made common, 
and me mory b ank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All in puts to the DRAMs are buffered, with the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs . 

The MT12D88C140 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. These 
devices support BATTERY BACKUP (BBU) cycle refresh; a 
very low current, data retention mode. Standard compo- 
nent DRAM refresh modes are supported as well. 



Multiple RAS inputs conserve power by allowing indi- 
vidual bank selection. In the x32/36/40 organization, the 
memory is a single array that may be divided into four 
separate bytes (x32/36 only). In the xl6/ 18/20 organiza- 
tion, up to two banks, each with two separate bytes, may 
be in dependently selected. One bank is activated by each 
RAS selection; the others not selected remain in standby 
mode, drawing minimum power. 
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MICRON 

I TECHNOLOGY, INC. 


MT12D88C140 
1 MEG x 40, 2 MEG x 20 1C DRAM CARD 


Eight presence detect pins may be read by the host to 
identify the MT12D88C140 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power saving features. 


The MT12D88C140 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa- 
tion or insertion into other types of IC card sockets. 


FUNCTIONAL BLOCK DIAGRAM 



DQ35 


DQ27 


DQ26 


DQ18 


DQ38, DQ39 
DQ17 


DQ9 


DQ36, DQ37 
DQ8 


DQO 


A0-A9 


NOTE: 1. D = 74AC1 1244 line drivers. 

2. B1 and B2 = 1 Meg x 1 1 memory blocks; B3 and B4 = 1 Meg x 9 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to DRAM. 
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MT12D88C140 
1 MEG x 40, 2 MEG x 20 1C DRAM CARD 


PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26 

RAS0, RAS2 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits. Two RAS inputs allow for a single X32/36/40 
bank or two xl 6/1 8/20 banks. 

23, 24, 66, 68 

CASO-3 

Input 

Column Address Strobe: CAS is used to clock-in the 1 0 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration (not in x40 mode). 

70 

WE 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjuction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

OE 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13, 57, 14, 58, 16, 59, 
18, 60, 19, 61 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8,10,12, 34, 36, 
38-43,33,46-54,80-87, 
79, 31,32, 77, 78 

DQ0-DQ39 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ39 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 

CAS select (x32/36 mode only). For READ access cycles, 
DQ0-DQ39 act as outputs for the addressed DRAM 
location. 

71,28, 72, 29, 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 17, 20, 21,25, 

35, 62, 64, 65, 69 

NC 

/ ■ - . 

No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ±5% 

1,44,45,56, 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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MT12D88C140 
1 MEG x 40, 2 MEG x 20 1C DRAM CARD 



FUNCTIONAL DESCRIPTION 

The MT12D88C140 is a 4 megaby te memory car d as a 1 
Meg x 32/36/40 bit memory array (RASO = RAS2). It also 
maybe Configured as a 2 Meg x 16/ 18/20 bit memory array 
provided the corresponding DQs on the host are connected 
and memory ban k cont rol procedures are implemented by 
interleaving both RAS lines. 

Most x32/ 36/40 bit applications use the same signal to 
cont rol the CAS inputs. RASO controls the lower 16/18 bits 
and RAS2 controls the upper 16 bits to obtain a x32/36 
memory array. For xl6/18 applications, the corresponding 
DQs and the corresponding CAS pins must be connected 
together (DQ0 to DQ18, DQ1 to DQ19 and so forth, and 
CAS0 to CAS2 and CAS1 to CAS3). Each RAS is then a bank 
select for the 2 Meg x 16/18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining power and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT- 
TERY BACKUP (BBU) REFRESH] so that all 1,024 combina- 
tions of RAS addresses (A0-A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the penalty is the 
memory card will draw more current in the STANDBY 
mode. The CBR REFRESH mode is recommended when not 
using the BBU mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or WRITE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cycle, data in (D) is latched by the 
falling ed ge of CAS. WE mus t fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 


activated and will drive invalid data to the inputs, unless 
LATE- WRITE CYCLE timing specifications are met. The 
data inputs and data outputs are routed through pins using 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 
defined page boundary. The FAST PAGE MODE cycle is 
always initiated with a row address stro bed-in by R AS 
followed by a column address strobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addr esses, thus executing faster memory cycles. 
Returning RAS HIGH terminates the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
inputs to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of systems. The implementation of buffers on the card 
may relieve the need for additional host system line 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT12D88C140 is constructed with a molded plastic 
frame and covered with stainless steel panels. Inside, 12 thin 
small-outline package (TSOP) DRAMs are mounted on an 
ultrathin printed circuit board. The board is attached to a 
high insertion, 88-pin receptacle connector. The package 
has a polarized key to prevent improper installation, in- 
cluding insertion into other types of IC card sockets. The 
MT12D88C140 operates reliably up to 55°C. 
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MEMORY TRUTH TABLE 


FUNCTION 

RA5T 

USS" 

WE" 

w 

ADDRESSES 

DATA IN/OUT 

•r 

*C 

DQ0-DQ39 

Standby 

H 

H-X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H->L 

L-H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1 st Cycle 

L 

H-L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H— L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1 st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

L 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L-H-L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

L 

H 

X 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 


PRESENT DETECT PIN (PDx) 


Card 

Density 

DRAM 

Organizations 

Card 

Address 

BSS 

Address 

CAS 

Address 

Page 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 

256K x 1, 4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

2MB 

256K x 1 , 4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

2MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

51 2K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 



. 

. 



«E51 


wm 

Kg* 


BE9 

mm 

mm 


8MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

NC 

X 

X 

X 

16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1,4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 
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MT12D88C140 
1 MEG x 40, 2 MEG x 20 1C DRAM CARD 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss ...... -0.5V to +5.25V 

Operating Temperature, T A (Ambient) 0°C to +55°C 

Storage Temperature -20°C to +80°C 

Power Dissipation 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(0V < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

M A 


Buffered 

llB 

-2 

2 

MA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 



MAX 


PARAMETER/CONDITION 

SYMBOL 

-6 

-7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

24 

24 

24 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

2.4 

2.4 

2.4 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: X RC = X RC (MIN)) 

ICC3 

1.26 

1.14 

1.02 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: X PC = X PC (MIN)) 

ICC4 

900 

780 

660 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = *RC (MIN)) 

ICC5 

1.26 

1.14 

1.02 

A 

3,30 

REFRESH CURRENT: CAS-BEFORE-RA5 (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: <RC = ( RC (MIN)) 

ICC6 

1.26 

1.14 

1.02 

A 

3, 5, 30 

REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = X RAS (MIN) up to 300ns; X RC = 125|xs; WE, A0-A9 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

3.6 

3.6 

3.6 

mA 

3,5 
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CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CAS3, A0-A9, OE 

Cm 


9 

PF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS2 

Cl3 


50 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


12 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

110 

. . 

130 


150 


ns 

23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

t pc 

40 

. . 

40 


45 


ns 

23 

Access time from RAS 

*RAC 


60 


70 


80 

ns 

14, 23 

Access time from CAS 

'CAC 


25 


30 


30 

ns 

15, 26 

Access time from column address 

T AA 


40 


45 


50 

ns 

26 

Access time from CAS precharge 

l CPA 


50 


50 


55 

ns 

26 

RAS pulse width 

'RAS 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

TO5 pulse width (FAST PAGE MODE) 

*RASP 

60 

100,000 

70 

100,000 

80 

100,000 

ns 

23 

RAS hold time 

>RSH 

25 


30 


30 


ns 

26 

RAS precharge time 

l RP 

45 


50 


60 


ns 

23 

CAS pulse width 

'CAS 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 

CAS hold time 

tCSH 

55 


65 


75 


ns 

25 

CAS precharge time 

l CPN 

10 


10 


10 


ns 

16, 23 

CAS precharge time (FAST PAGE MODE) 

l CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 

'RCD 

10 

35 

15 

40 

15 

50 

ns 

17, 28 

CAS to RAS precharge time 

l CRP 

15 


15 


15 


ns 

26 

Row address setup time 

'ASR 

10 


10 


10 


ns 

26 

Row address hold time 

'rah 

5 


5 


5 


ns 

25 

RAS to column 
address delay time 

! rad 

10 

20 

10 

25 

10 

30 

ns 

18,28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 

Column address hold time 

'CAH 1 

15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

*AR 

45 


50 


55 


ns 

25 

Column address to 

RAS lead time 

*RAL 

40 


45 


50 


ns 

26 

Read command setup time 

'RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

tRCH 

5 


5 


5 


ns 

19, 24 

Read command hold time 
(referenced to RAS) 

l RRH 

-5 


-5 


-5 


ns 

19, 25 

CAS to output in Low-Z 

'CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 

'OFF 

5 

30 

5 

30 

5 

30 

ns 

20, 29, 35 

WE command setup time 

'WCS 

5 


5 


5 


ns 

24 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

- 

7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

{ WCH 

15 


20 


20 


ns 

24 

Write command hold time 

*WCR 

40 


50 


55 


ns 

25 

(referenced to RAS) 










Write command pulse width 

l WP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

l RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

! CWI_ 

20 


25 


25 


ns 

24 

Data-in setup time 

<DS 

5 


5 


5 


ns 

24,32 

Data-in hold time 

l DH 

5 


10 


10 


ns 

25,32 

Data-in hold time (referenced to RAS) 

'DHR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

*r 

2 

15 

2 

15 

2 

15 

ns 

9, 10, 23 

Refresh period (1 ,024 cycles) 

'REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

'RPC 

10 


10 


10 


ns 

26 

CAS setup time 

l CSR 

20 


20 


20 


ns 

5,26 

(CAS-BEFORE-RAS refresh) 










GAS hold time 

^HR 

10 


10 


10 


ns 

5,25 

(CAS-BEFORE-RAS refresh) 










WE hold time 

*WRH 

5 


5 


5 


ns 

22, 25 

(CAS-BEFORE-RAS refresh) 










WE setup time 

’WRP 

20 


20 


20 


ns 

22, 26 

(CAS-BEFORE-RAS refresh) 




, i 






WE hold time 

t WTH 

5 


5 


5 


ns 

22, 25 

(WCBR test cycle) 






■ 




WE setup time 

>WTS 

20 


20 


20 


ns 

22, 26 

READ-WRITE cycle time 

'R\NC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

tpRWC 

90 


95 


100 


ns ; 

23 

READ-WRITE cycle time 










RAS to WE delay time 

'R\ND 

80 


90 


100 


ns 

31,27 

Column Address 

'A\ND 

65 


70 


75 


ns 

31,24 

to WE delay time 










CAS to WE delay time 

'C\ND 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

l OE 


25 


30 


30 

ns 

20, 33, 26 

Output disable 

•OD 


25 


30 


30 

ns 

35, 26 

OE hold time from WE during 

'OEH 

5 


10 


10 


ns 

34,27 

READ-MODIFY-WRITE cycle 










OE hold time from RAS during 

'ORD 

10 


10 


10 


ns 

21,26 

HIDDEN REFRESH cycle 
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NOTES 

1 . All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOjus is required after power-up 
followed by ei ght RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the fc REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

15. A ssume s that k RCD > 4 RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the *RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either 4 RCH or 4 RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. hVTS and t WTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of HVRP and hVRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the xl6/18/20 mode. 

31. HVCS, t RWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If hVCS > hVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If *RWD > *RWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 
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NOTES (continued) 

32. These parameters are referen ced t o CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *00 and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 


remains LOW and OE is taken back LOW after OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once *OD or *OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 
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RAS-ONLY refresh cycle 

(AD DR = A0-A9; WE = DON’T CARE) 



CAS-BEFORE-RAR REFRESH CYCLE 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9 = DON’T CARE) 
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HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 


(READ) (REFRESH) 



UNDEFINED 
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RESERVED JEDEC, JEIDA and PCMCIA MT1 2D88C1 40 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
5.0V Vcc 9 
DQ7 10 
3.3V Vcc 11 
DQ8 12 
A0 13 
A2 14 
5.0V Vcc 15 
A4 16 
3.3V Vcc 17 
A6 18 
A8 19 
A10 20 
A12 21 
RASP 22 
CASO 23 
CAS1 24 
3.3 V Vcc 25 
RAS2 26 
5.0V Vcc 27 
PD2 28 
PD4 29 
PD6 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
3.3V Vcc 35 
DQ10 36 
5.0V Vcc 37 
DQ11 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 Vss 

46 DQ18 

47 DQ19 

48 DQ20 

49 DQ21 

50 DQ22 

51 DQ23 

52 DQ24 

53 DQ25 

54 DQ26 

55 OE 

56 Vss 

57 A1 

58 A3 

59 A5 

60 A7 

61 A9 

62 All 

63 Vss 

64 A13 

65 RAS1 

66 CAS2 

67 Vss 

68 CAS3 

69 RAS3 

70 WE 

71 PD1 

72 PD3 

73 Vss 

74 PD5 

75 PD7 

76 PD8 

77 DQ38 

78 DQ39 

79 DQ35 

80 DQ27 

81 DQ28 

82 DQ29 

83 DQ30 

84 DQ31 

85 DQ32 

86 DQ33 

87 DQ34 

88 Vss 


Vss 1 
DQO 2 
DQ1 3 
DQ2 4 
DQ3 5 
DQ4 6 
DQ5 7 
DQ6 8 
Vcc 9 
DQ7 10 
NC 11 
DQ8 12 
A0 13 
A2 14 
Vcc 15 
A4 16 
NC 17 
A6 18 
A8 19 
NC 20 

NC 21 

RASP 22 
CASO 23 
CAS1 24 
NC 25 
RAS2 26 
Vcc 27 
PD2 (NC) 28 
PD4 (Vss) 29 
PD6 (TBD) 30 
DQ36 31 
DQ37 32 
DQ17 33 
DQ9 34 
NC 35 
DQ10 36 
Vcc 37 
DQ1 1 38 
DQ12 39 
DQ13 40 
DQ14 41 
DQ15 42 
DQ16 43 
Vss 44 



45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 


Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

OE (Vss) 

Vss 

A1 

A3 

A5 

A7 

A9 

NC 

Vss 

NC 

NC 

CAS2 

Vss 

CAS3 

NC 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (NC) 

PD7 (TBD) 

PD8 (NC) 

DQ38 

DQ39 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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1C DRAM CARD 8 MEGABYTES 


2 MEG x 40, 4 MEG x 20 


FEATURES 

• JEIDA, JEDEC and PCMCIA standard 88-pin IC 
DRAM card 

• Polarized receptacle connector 

• Industry standard DRAM functions and timing 

• High-performance, CMOS silicon-gate process 

• All outputs are fully TTL c ompa tible 

• All inputs buffered except RAS inputs 

• Multiple RAS inputs for xl6/ 18/20 or x32/36/40 
selectability 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS 
(CBR), HIDDEN and BATTERY BACKUP (BBU) 

• FAST PAGE MODE access cycle 

• Single +5V ±5% power supply 

• Low power; 24m W standby, 3.3W active (typical) 

• Extended refresh standard: 1,024 cycles every 128ms 

OPTIONS MARKING 

• Timing 

60ns access -6 

70ns access -7 

80ns access -8 


GENERAL DESCRIPTION 

The MT24D88C240 is an 8 megabyte, IC DRAM card 
organized primarily as a 2 Meg x 40 bit memory array 
for EDC applications. It may be used as a x32 or x36 bit 
memory array (the unused DQs should be tied to Vss or Vcc 
through current limiting resistors). It may also be config- 
ured as a 4 Meg x 20 bit memory array, provided the 
corresponding DQs on the host system are made common 
and memory bank control procedures are implemented. 
Separate CAS inputs allow byte accesses. 

All inputs to the DRAMs are buffered. With the exception 
of RAS. The line drivers used for buffers reduce reflections 
on the card and ensure compatibility in a wide range of 
systems. At the same time, the line drivers add delays to the 
buffered input timings when compared to standard DRAMs. 

The MT24D88C240 is designed for low power operation 
using 1 Meg x 4 low power, extended refresh DRAMs. 
These devices support BATTERY BACKUP (BBU) cycle 
refresh; a very low current, data retention mode. Standard 
component DRAM refresh modes are supported as well. 



Multiple RAS inputs conserve power by allowing indi- 
vidual bank selection. In the x32/36/ 40 organization, the 
memory array may be divided into two banks, each with 
four separate bytes (x32/36 only). In the xl6/ 18/20 organi- 
zation, up to four banks, each with two separate bytes, may 
be in dependently selected. One bank is activated by each 
RAS selection; the others not selected remain in standby 
mode, drawing minimum power. 
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Eight presence detect pins may be read by the host to 
identify the MT24D88C240 organization, number of banks, 
access time and refresh mode. These extensive presence 
detect functions allow systems to utilize the advanced 
power saving features. 


The MT24D88C240 is built with a plastic frame covered 
by stainless steel panels. This package, containing an 88-pin 
receptacle connector, is keyed to prevent improper installa- 
tion or insertion into other types of IC card sockets. 


FUNCTIONAL BLOCK DIAGRAM 



ao-a 9 ■— l j£> 


DQ38, 39 
X317 


DQ36, 37 
DQ8 


NOTE: 1. D = 74AC1 1244 line drivers. 

2. Bl^ B2, B5 and B6 = 1 Meg x 8 memory blocks; B3, B4, B7 and B8 = 1 Meg x 9 memory blocks. 

3. OE is internally connected to ground via a 300 Kohm resistor and is also buffered to the DRAMs. 
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PIN DESCRIPTIONS 


PIN NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

22, 26, 65, 69 

RASO-3 

Input 

Row Address Strobe: RAS is used to clock-in the 10 row- 
address bits. Four RAS inputs allow for two X32/36/40 
banks or four xl 6/1 8/20 banks. 

23, 24, 66, 68 

CASO-3 

Input 

. 

; ■ 

Column Address Strobe: CAS is used to clock-in the 1 0 
column-address bits, enable the DRAM output buffers, 
and strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration (not in x40 mode). 

70 

We 

Input 

Write Enable: WE is the READ/WRITE control for the DQ 
pins. If WE is LOW prior to CAS going LOW, the access 
is an EARLY-WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE-WRITE cycle. A LATE-WRITE cycle is 
generally used in conjunction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

55 

OE 

Input 

Output Enable: OE is the input/output control for the DQ 
pins. OE is connected to ground through a 300 Kohm 
resistor and is intended to be LOW, allowing for EARLY- 
WRITE cycles only. This signal may be driven, allowing 
for LATE-WRITE cycles. 

13,57, 14,58, 16, 59 
18,60,19,61 

A0-A9 

Input 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

2-8, 10, 12, 34, 36 
38-43, 33, 46-54, 80-87 
79,31,32, 77, 78 

DQ0-DQ39 

Input/ 

Output 

Data I/O: For WRITE cycles, DQ0-DQ39 act as 
inputs to the addressed DRAM location. BYTE 

WRITES may be performed by using the corresponding 
CAS select (x32/36 mode only). For READ access cycles, 
DQ0-DQ39 act as outputs for the addressed DRAM 
location. 

71,28, 72, 29 

74, 30, 75, 76 

PD1-PD8 


Presence Detect: These pins are read by the 
host system and tell the system the card’s personality. 

They will be either left floating (NC) or they will be 
grounded (Vss). 

11, 17, 20, 21,25 

35, 62, 64 

NC 

. . _ . 

No Connect: These pins should be left 
unconnected (reserved for future use). 

9, 15, 27, 37 

Vcc 

Supply 

Power Supply: +5V ± 5% 

1,44, 45, 56 

63, 67, 73, 88 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT24D88C240 is an 8 megabyte memory card 
s tructu r ed as a 2Megx 32/36/40 bit memory array (RASO 
= RAS2, RAS1 = RAS3) . It also may be configured as a 4 Meg 
x 16/18/20 bit memory array, provided the corresponding 
DQs on the host are connected and memory bank co ntrol 
procedures are implemented by interleaving all four RAS 
lines. 

Most x32/36/40 bit applications use the same signal to 
control the CAS inputs. RASO and RAS1 control the lower 
16/18 bits, and RAS2 and RAS3 control the upper 16/18 
bits, to obtain a x32/36/40 memory array. For xl6/18 
app licatio ns, the corresponding DQs and the correspond- 
ing CAS pins must be connect ed toge t her (DQ O t o DQ1 8, 
DQl to DQ19 and s o forth, and CASO to CAS2 and CAS1 to 
CAS3 ). Each RAS is then a bank select for the 4 Meg x 16/ 
18 memory organization. 

DRAM OPERATION 

DRAM REFRESH 

Memory cell data is retained in its correct state by main- 
taining pow er and executing any RAS cycle [READ, WRITE, 
RAS-ONLY, CAS-BEFORE-RAS (CBR), HIDDEN or BAT- 
TERY B ACKU P (BBU) REFRESH] so that all 1,024 combina- 
tions of RAS addresses (A0 -A9) are executed at least every 
128ms, regardless of sequence. 

The implied method of choice for refreshing the memory 
card is the BBU cycle. This is a very low current, data 
retention mode made possible by using the CBR REFRESH 
cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common in standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the BBU REFRESH cycle. However, the memory card 
will draw more current in the STANDBY mode. The CBR 
REFRESH mode is recommended when not using the BBU 
mode. 

DRAM READ AND WRITE CYCLES 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (A0-A 9) at a time. RAS is used to latch the first 10 bits 
and CAS the lat ter 1 0 bits. READ or WRIT E cy cles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRITE 
mode. During a WRITE cy cle, data in (D) is latche d by the 
falling ed ge of CAS. WE mus t fall prior to CAS (EARLY 
WRITE); if WE goes LOW after CAS, the outputs (Q) will be 


activated and will drive invalid data to the inputs, unless 
LATE- WRITE cycle timing specifications are met. The data 
inputs and data outputs are routed through pins u sing 
common I/O, and pin direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera- 
tions (READ or WRITE) within a row address (A0-A9) 
defined page boundary. The FAST PAGE MODE cy cle is 
always initiated with a row address stro bed-in by R AS 
followed by a column ad dress s trobed-in by CAS. CAS may 
be toggled-in by holding RAS LOW and strobing-in differ- 
ent column addresses, thus executing faster memory cycles. 
Returning RAS HIGH terminate s the FAST PAGE MODE 
operation. Returning RAS and CAS HIGH terminates a 
memory cycle and decreases chip current to a reduced 
standby level. Also, the chip is preconditioned for the next 
cycle during the RAS high time. 

DRAM TIMING 

In accordance with JEDEC standard specifications, all 
in puts to the IC DRAM card are buffered, with the exception 
of RAS inputs. The line drivers used for buffers reduce 
reflections on the card and ensure compatibility in a wide 
range of Systems. The implementation of buffers on the card 
may relieve the need for additional host system lin 
drivers. Notes 23 though 29 indicate which parameters on 
the IC DRAM card are affected by the line drivers, and to 
what magnitude they are affected. The component DRAM 
timing specifications, rather than those of the IC DRAM 
card (in systems that use both), may cause timing 
incompatibilities. 

All traces on the IC DRAM card (buffered and non- 
buffered) are approximately 50 ohms characteristic imped- 
ance. Matching impedance on the system board to 50 ohms 
characteristic impedance on traces to the IC DRAM card 
will decrease signal noise to the IC DRAM card, enhancing 
overall system reliability. 

PHYSICAL DESIGN 

The MT24D88C240 is constructed with a molded plastic 
frame and covered with stainless steel panels. Inside, 24 thin 
small-outline package (TSOP) DRAMs are mounted on 
both sides of an ultrathin printed circuit board. The board 
is attached to a high insertion, 88-pin receptacle connector. 
The package has a polarized key to prevent improper 
installation, including insertion into other types of IC card 
sockets. The MT24D88C240 operates reliably up to 55°C. 
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MEMORY TRUTH TABLE 


FUNCTION 

is? 

CA? 

WE 

OE 

ADDRESSES 

DATA IN/OUT 

l R 

'C 

DQ0-DQ39 

Standby 

H 

H— X 

X 

X 

X 

X 

High-Z 

READ 

L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

EARLY-WRITE 

L 

L 

L 

X 

ROW 

COL 

Data In 

READ-WRITE 

L 

L 

H-L 

L-H 

ROW 

COL 

Data Out 

FAST-PAGE-MODE 

READ 

1st Cycle 

L 

H-L 

H 

L (NC) 

ROW 

COL 

Data Out 

2nd Cycle 

L 

H-L 

H 

L (NC) 

n/a 

COL 

Data Out 

FAST-PAGE-MODE 

EARLY-WRITE 

1 st Cycle 

L 

H-L 

L 

X 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

L 

X 

n/a 

COL 

Data In 

FAST-PAGE-MODE 

READ-WRITE 

1st Cycle 

L 

H-L 

H-L 

L-H 

ROW 

COL 

Data In 

2nd Cycle 

L 

H-L 

H-L 

L-H 

n/a 

COL 

Data In 

RAS-ONLY REFRESH 

H 

X 

X 

X 

ROW 

n/a 

High-Z 

HIDDEN 

REFRESH 

READ 

L— H— L 

L 

H 

L (NC) 

ROW 

COL 

Data Out 

WRITE 

L-H-L 

L 

L 

X 

ROW 

COL 

Data In 

CAS-BEFORE-RAS REFRESH 

H-L 

L 

H 

H 

X 

X 

High-Z 

BATTERY BACKUP REFRESH 

H-L 

L 

H 

H 

X 

X 

High-Z 


PRESENCE DETECT TRUTH TABLE 


CHARACTERISTICS 

PRESENT DETECT PIN (PDx) 

Card 

DRAM 

Card 

has 

CAS 

Page 









Density 

Organizations 

Address 

Address 

Address 

Depth 

1 

2 

3 

4 

5 

6 

7 

8 

0 MB 

No card installed 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

NC 

X 

X 

X 

1MB 

256K x 1 , 4, 16,18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

2MB 

256K x 1 , 4, 16, 18 

18 

9 

9 

512 

Vss 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 

2MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

NC 

X 

X 

X 

4MB 

512K x 8, 9 

19 

10 

9 

512 

NC 

Vss 

Vss 

Vss 

Vss 

X 

X 

X 



mm 



wmm 

Vss 

Vss 

EM 

BH 

PS 

tom 

ESI 

mm 

WM 

mm 

■ 

mm 

8MB 

2 Meg x 8, 9 




1,024 

NC 

NC 

Vss 

Vss 

NC 

mm 

mm 


16MB 

2 Meg x 8, 9 

21 

11 

10 

1,024 

NC 

NC 

Vss 

Vss 

Vss 

X 

X 

X 

16MB 

4 Meg x 1, 4, 16, 18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

NC 

X 

X 

X 

32MB 

4 Meg x 1,4, 16,18 

22 

12 

11 

1,024 

Vss 

Vss 

NC 

Vss 

Vss 

X 

X 

X 

Access Timing 

100ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 



80ns 

X 

X 

X 

X 

X 

NC 

Vss 

X 



70ns 

X 

X 

X 

X 

X 

Vss 

NC 

X 



60ns 

X 

X 

X 

X 

X 

NC 

NC 

X 



50ns 

X 

X 

X 

X 

X 

Vss 

Vss 

X 

Refresh Control 

Standard 

X 

X 

X 

X 

X 

X 

X 

NC 



Auto 

X 

X 

X 

X 

X 

X 

X 

Vss 


NOTE: Vss = Ground. 
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NEW | iC DRAM CARD 


MICRON 

M TECHNOLOG Y, INC. 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 IC DRAM CARD 


ABSOLUTE MAXIMUM RATINGS* 

Voltage on Vcc Supply Relative to Vss -0.5V to +5. 25V 

Operating Temperature T A (Ambient) 0°C to 55°C 

Storage Temperature .. ...-20°C to +80°C 

Power Dissipation . 15W 

Short Circuit Output Current 50mA 

Card Insertions (Connector's Life Cycle) 10,000 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 

(Notes: 1 , 3, 4, 6, 7) (0°C < T A < 55°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

3.5 

Vcc+0.5 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-0.5 

0.8 

V 

1 

INPUT LEAKAGE CURRENT, Any input 

(OV < Vin < 5.25V; all other pins not under test = 0V) 

Non-buffered 

1 IN 

-12 

12 

pA 


Buffered 

llB 

-2 

2 

pA 


OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.25V) 

loz 

-10 

to 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -5mA) 

Output Low Voltage (Iout = 4.2mA) 

VOH 

2.4 


V 


VOL 


0.4 

V 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect reliability. 



MAX 


PARAMETER/CONDITION 

SYMBOL 

■6 

■7 

-8 

UNITS 

NOTES 

STANDBY CURRENT: (TTL) 

(RAS = CAS = Vih) 

Icci 

48 

48 

48 

mA 


STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

ICC2 

4.8 

4.8 

4.8 

mA 


OPERATING CURRENT: Random READ/WRITE 

Average power supply current 

(RAS, CAS, Address Cycling: *RC = *RC (MIN)) 

ICC3 

1.26 

1.14 

1,02 

A 

3, 4, 30 

OPERATING CURRENT: FAST PAGE MODE 

Average power supply current 

(RAS = Vil, CAS, Address Cycling: *PC = *PC (MIN)) 

ICC4 

900 

780 

660 

mA 

3, 4, 30 

REFRESH CURRENT: RAS-ONLY 

Average power supply current 

(RAS Cycling, CAS = Vih: *RC = *RC (MIN)) 

ICC5 

1.26 

1.14 

1.02 

D 


REFRESH CURRENT: CAS-BEFORE-RAS (CBR) 

Average power supply current 

(RAS, CAS, Address Cycling: 'RC = <RC (MIN)) 

ICC6 

1.26 

1,14 

1.02 

A 


REFRESH CURRENT: BATTERY BACKUP (BBU) 

Average power supply current during BBU: CAS = 0.2V or CBR 
cycling; RAS = *RAS (MIN) up to 300ns; l RC = 125ps; WE, A0-A9 
and DQ = Vcc -0.2V or 0.2V (DQ may be left open) 

ICC7 

7.2 

7.2 

7.2 
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MICRON 

■ TECHNOLOGY, INC. 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: CASO, CAS1 , CAS2, CASS, A0-A9, OE 

Cn 


9 

PF 

2 

Input Capacitance: WE 

Cl2 


13 

PF 

2 

Input Capacitance: RASO, RAS1 , RAS2, RAS3 

Cl3 


50 

PF 

2 

Input/Output Capacitance: DQ 

Cio 


20 

PF 

2 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1,12, 13) (0°C < T A < 55°C; Vcc = 5V ±5%) 


| AC CHARACTERISTICS 


-6 

-7 

-8 





MIN 

MAX 

■ ■ 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 


110 




150 



23 

FAST-PAGE-MODE 

READ or WRITE cycle time 

'PC 

40 


40 


45 



23 


*RAC 


60 


70 


80 


14,23 

Access time from CAS 

'CAC 


25 


30 


30 

ns 

15, 26 




40 


45 


50 

ns 

26 




50 


50 


55 

ns 

26 


l RAS 

60 


70 

100,000 

80 

m 

ns 

23 



60 

100,000 

70 


80 

100,000 

ns 

23 


Bsaa 

25 


30 


30 


ns 

26 


i mm 

45 


50 


60 


ns 

23 


■aa 

15 

100,000 

20 

100,000 

20 

100,000 

ns 

23 



55 




75 


ns 

25 


iaaa 

10 


10 


10 


ns 

16,23 

CAS precharge time (FAST PAGE MODE) 

'CP 

10 


10 


10 


ns 

23 

RAS to CAS delay time 


10 

35 



15 

50 

ns 

17, 28 

CAS to RAS precharge time 


15 


15 


15 


ns 

26 

Row address setup time 


10 


10 


10 



26 

Row address hold time 


5 


5 


5 


ns 

25 

RAS to column 
address delay time 

l RAD 






30 

ns 

18, 28 

Column address setup time 

'ASC 

5 


5 


5 


ns 

24 



15 


20 


20 


ns 

24 

Column address hold time 
(referenced to RAS) 

'AR 

45 


50 





25 

Column address to 

RAS lead time 

*RAL 

40 


45 





26 

Read command setup time 

'RCS 

5 


5 


5 


ns 

25 

Read command hold time 
(referenced to CAS) 

'RCH 

5 


5 


5 

J 

ns 

19, 24 

Read command hold time 
(referenced to RAS) 

tRRH 

-5 




-5 


ns 

19, 25 

CAS to output in Low-Z 

'CLZ 

5 


5 


5 


ns 

24 

Output buffer turn-off delay 


5 

30 

5 

30 

5 

30 

ns 

20, 29, 35 

WE command setup time 

'WCS 

5 


5 


5 


ns 

24 
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NEW 1 1C DRAM CARD 


MICRON 

■ TECHNOLOGY, INC. 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < 55°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-6 

-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command hold time 

l WCH 

15 


20 


20 


ns 

24 

Write command hold time 
(referenced to RAS) 

*WCR 

40 


50 


55 


ns 

25 

Write command pulse width 

<WP 

10 


15 


15 


ns 

23 

Write command to RAS lead time 

t RWL 

25 


30 


30 


ns 

26 

Write command to CAS lead time 

'C\Nl 

20 


25 


25 


ns 

24 

Data-in setup time 

’DS 

5 


5 


5 


ns 

24, 32 

Data-in hold time 

*DH 

5 


10 


10 


ns 

25, 32 

Data-in hold time (referenced to RAS) 

*DHR 

45 


55 


60 


ns 

23 

Transition time (rise or fall) 

*T 

2 

15 

2 

15 

2 

15 

ns 

9, 10, 23 

Refresh period (1 ,024 cycles) 

’REF 


128 


128 


128 

ms 


RAS to CAS precharge time 

'RPC 

10 


10 


10 


ns 

26 

CAS setup time 
(CAS-BEFORE-RAS refresh) 

tCSR 

20 


20 


20 


ns 

5, 26 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'CHR 

10 


10 


10 


ns 

5, 25 

WE hold time 

(CAS-BEFORE-RAS refresh) 

*WRH 

5 


5 


5 

. 

ns 

22, 25 

WE setup time 
(CAS-BEFORE-RAS refresh) 

l WRP 

20 


20 


20 

! 

ns 

22,26 

WE hold time 
(WCBR test cycle) 

’WTH 

5 


5 


5 

i 

ns 

22,25 

WE setup time 

*WTS 

20 


20 


20 


ns 

22,26 

READ-WRITE cycle time 

l RWC 

165 


185 


205 


ns 


FAST-PAGE-MODE 

READ-WRITE cycle time 

*PRWC 

90 


95 


100 


ns 

23 

RAS to WE delay time 

t RWD 

80 


90 


100 


ns 

31,27 

Column Address 
to WE delay time 

*AWD 

65 


70 


75 


ns 

31,24 

CAS to WE delay time 

’CWD 

50 


65 


55 


ns 

31,24 

Output buffer turn-off delay 

'OE 


25 


30 


30 

ns 

20, 33, 26 

Output disable 

*OD 


25 


30 


30 

ns 

35, 26 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'OEH 

5 


10 


10 


ns 

34, 27 

OE hold time from RAS during 
HIDDEN REFRESH cycle 

<ORD 

10 


10 


10 


ns 

21,26 
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MICRON 

■ TECHNOLOGY, INC. 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range is assured. 

7. An initial pause of lOOps is required after power-up 
followed by eight RAS refresh cycles (RAS-ONLY or 
CBR with WE HIGH) before proper device operation 
is assured. The eight RAS cycle wake-up should be 
repeated any time the ^REF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, data output is High-Z. 

12. If CAS = Vil, data output may contain data from the 
last valid READ cycle. 

13. Measured with a load equivalent to 2 TTL gates and 
lOOpF. 

14. Assumes that tRCD < *RCD (MAX). If ^RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that tRCD > tRCD (MAX). __ 

16. If CAS is LOW at the falling edge of RAS, Q will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CPN. 

17. Operation within the tRCD (MAX) limit ensures that 
f RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ^AC. 

18. Operation within the t RAD (MAX) limit ensures that 
t RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. t OFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to Voh or Vol. 

21. A HIDDEN REFRESH ma y als o be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. *W TS an d HVTH are setup and hold specifications for 
the WE pin being held LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverse of *WRP and *WRH in the 
CBR refresh cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -5ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A +10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -10ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

28. A -5ns (MIN) and a -10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. A +5ns (MIN) and a +10ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

30. The maximum current ratings are based with the 
memory operating or being refreshed in the x32/36/ 
40 mode. The stated maximums may be reduced by 
one half when used in the xl6/ 18/20 mode. 

31. ^VCS, t RWD, *AWD and *CWD are restrictive 
operating parameters in late WRITE, and READ- 
MODIFY-WRITE cycles only. If HVCS > HVCS (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If e RWD > tRWD (MIN), *AWD > *AWD 
(MIN) and *CWD > *CWD (MIN), the cycle is a 
READ-MODIFY-WRITE and the data output will 
contain data read from the selected cell. If neither of 
the above conditions is met, the state of data out is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE- WRITE (OE 
controlled) cycle. 
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NEW 1 1C DRAM CARD 


pilCZRON 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 


NOTES (continued) 

32. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and WE leading edge in 
LATE-WRITE or READ-MODIFY-WRITE cycles. 

33. If OE is tied permanently LOW, LATE-WRITE or 
READ-MODIFY-WRITE operations are not possible. 

34. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have both *OD and ^OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide the previously read data if CAS 


remains LOW and OE is taken back LOW after *OEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

35. The DQs open during READ cycles once *OD or l OFF 
occur. If CAS goes HIGH first, OE becomes a "don't 
care." If OE goes HIGH and CAS stays LOW, OE is 
not a "don't care;" and the DQs will provide the 
previously read data if OE is taken back LOW (while 
CAS remains LOW). 
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MICRON 

■ TECHNOLOGY, INC. 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 




MICRON 

H TECHNOLOGY, INC. 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 


FAST-PAGE-MODE EARLY-WRITE CYCLE 



FAST-PAGE-MODE READ-WRITE CYCLE 

(LATE-WRITE and READ-MODIFY-WRITE CYCLES) 



0 UNDEFINED 
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NEW 1 1C DRAM CARD 


l^iicnoN 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 


EA5-ONLY REFRESH CYCLE 

(ADDR = A0-A9; WE = DON’T CARE) 



CA5-BEFORE-ES5 refresh cycle 

(A0-A9 = DON’T CARE) 



BATTERY BACKUP REFRESH CYCLE 

(A0-A9 = DON’T CARE) 
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MICRON 

■ TECHNOLOGY. INC. 


MT24D88C240 
2 MEG x 40, 4 MEG x 20 1C DRAM CARD 


RESERVED JEDEC, JEIDA and PCMCIA MT24D88C240 PIN ASSIGNMENT 

88-PIN ASSIGNMENT (JEDEC Standard) 

(All Possible Combinations) 


Vss 

1 

DQO 

2 

DQ1 

3 

DQ2 

4 

DQ3 

5 

DQ4 

6 

DQ5 

7 

DQ6 

8 

5.0V Vcc 

9 

DQ7 

10 

3.3V Vcc 

11 

DQ8 

12 

A0 

13 

A2 

14 

5.0V Vcc 

15 

A4 

16 

3.3V Vcc 

17 

A6 

18 

A8 

19 

A10 

20 

A12 

21 

RAS0 

22 

CASO 

23 

CAS1 

24 

3.3V Vcc 

25 

RAS2 

26 

5.0V Vcc 

27 

PD2 

28 

PD4 

29 

PD6 

30 

DQ36 

31 

DQ37 

32 

DQ17 

33 

DQ9 

34 

3.3V Vcc 

35 

DQ10 

36 

5.0V Vcc 

37 

DQ1 1 

38 

DQ12 

39 

DQ13 

40 

DQ14 

41 

DQ15 

42 

DQ16 

43 

Vss 

44 



Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

OE 

Vss 

A1 

A3 

A5 

A7 

A9 

All 

Vss 

A13 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 

PD3 

Vss 

PD5 

PD7 

PD8 

DQ38 

DQ39 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 


Vss 

DQO 

DQ1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

VCC 

DQ7 

NC 


Vcc 
A4 
NC 
A6 
A8 
NC 
NC 
RASP 
CASO 
CAS1 
NC 
RAS2 
Vcc 
PD2 (NC) 
PD4 (Vss) 
PD6 (TBD) 
DQ36 
DQ37 
DQ17 
DQ9 
NC 
DQ10 
Vcc 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 
DQ16 
Vss 


45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 
67 


70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 


Vss 

DQ18 

DQ19 

DQ20 

DQ21 

DQ22 

DQ23 

DQ24 

DQ25 

DQ26 

OE (Vss) 

Vss 

A1 

A3 

A5 

A7 

A9 

NC 

Vss 

NC 

RAS1 

CAS2 

Vss 

CAS3 

RAS3 

WE 

PD1 (Vss) 
PD3 (Vss) 
Vss 

PD5 (Vss) 

PD7 (TBD) 

PD8 (NC) 

DQ38 

DQ39 

DQ35 

DQ27 

DQ28 

DQ29 

DQ30 

DQ31 

DQ32 

DQ33 

DQ34 

Vss 
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DYNAMIC RAMS 


WIDE DRAMS 


DRAM MODULES 


1C DRAM CARDS 


MULTIPORT DRAMS 




MICRON 

m TECHNOLOGY. INC. 


DUAL PORT DRAM (VRAM) PRODUCT SELECTION GUIDE 


Memory 

Access 

Part 

Access 

Power Dissipation 

Package and Number of Pins 


Configuration 

Cycle 

Number 

Time (ns) 

Standby 

Active 

SOJ 

SOG 

TSOP 

ZIP 

Page 

256 K x 4 

FP 

MT42C4255 

80, 100 

15mW 

275mW 

28 

- 

- 

28 

5-1 

258'K x 4 

FP, BW, LP 

MT42C4256 

70, 80, 100 

15mW 

275mW 

28 

- 

, - 

28 

5-3 

128K x 8 

FP 

MT42C8127 

80, 100 

15mW 

275mW 

40 

- 

- 

- 

5-39 

1 28K x 8 

FP, BW, LP 

MT42C8128 

70, 80, 100 

15mW 

275mW 

40 

- 

40/44 

- 

5-41 

256K x 8 

FP, BW 

MT42C8255 

70, 80 

lOmW 

300mW 

40 

- 

40/44 

- 

5-79 

256K x 8 

FP, BW 

MT42C8256 

70, 80 

lOmW 

300mW 

40 

- 

40/44 

- 

5-111 

256K x 16 

FP, BW 

MT42C256K1 6A1 

60, 70, 80 

lOmW 

350mW 

- 

64 

- 

- 

5-153 


FP = Fast Page Mode, BW = Block Write, LP = Low Power, Extended Refresh 


TRIPLE PORT DRAM PRODUCT SELECTION GUIDE 


Memory 

Access 

Part 

Access 

Power Dissipation 

Package/Number of Pins 


Configuration 

Cycle 

Number 

Time (ns) 

Standby 

Active 

SOJ 

SOG 

TSOP 

PLCC 

Page 

256K x 4 

FP, BW, QSF pin 

MT43C4257 

80, 100 

15mW 

500mW 

40 

- 

40/44 

- 

5-155 

256K x 4 

FP, BW, SSF pin 

MT43C4258 

80, 100 

15mW 

500mW 

40 

- 

40/44 

- 

5-155 

128K x 8 

FP, BW, QSF pin 

MT43C8128 

80, 100 

15mW 

550mW 

- 

- 

- 

52 

5-201 

128K x 8 

FP, BW, SSF pin 

MT43C8129 

80, 100 

15mW 

550mW 

- 

- 

- 

52 

5-201 

256K x 8 

FP, BW 

MT43C256K8A1 

60, 70, 80 

15mW 

400mW 

- 

64 

- 

- 

5-247 


FP = Fast Page Mode, BW = Block Write 
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(SUPERSEDED BY MT42C4256) 


MT42C4255 
256 K x 4 VRAM 


VRAM 256K x4 DRAM 

WITH 512 x 4 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% (-10), +5V ±5% (-8S) power supply 

• Inputs and outputs are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh within 8ms 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 

• No refresh required for serial access memory 

• Low power: 15mW standby; 275m W active, typical 

• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

OPTIONS MARKING 


Timing [DRAM, SAM (cycle /access)] 

80ns, 25ns /25ns 

-8S 

100ns, 30ns /30ns 

-10 

Packages 


Plastic SOJ (400 mil) 

DJ 

Plastic ZIP (375 mil) 

Z 


GENERAL DESCRIPTION 

The MT42C4255 is a high speed, dual port CMOS dy- 
namic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by a 4-bit wide DRAM port or by a 512 x 4-bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Four 512-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom- 
plished using three separate bidirectional data paths: the 4- 
bit random access I/O port, the four internal 512 bit wide 
paths between the DRAM and the SAM, and the 4-bit serial 
I/O port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 


PIN ASSIGNMENT (Top View) 

28-Pin SOJ 28-Pin ZIP 

(Q-4) (0-3) 


SC CJ 

SDQ1 [ 2 
_SDQ2 [ 3 
TR/OE C 4 
DQ1 C 5 

DQ2 C 6 

ME/WE [ 7 
NC C 8 
RAS C 9 
A8 C 10 
A6 [ 11 
A5 [ 12 
A4 C 13 
Vcc C 14 


28 ] Vss 
27 ] SDQ4 
26 ] SDQ3 
25 ] SE 
24 ] DQ4 
23 ] DQ3 
22 ] DSF 
21 ] CAS 
20 ] QSF 
19 ] A0 
18 ] A1 
17 ] A2 
16 ] A3 
15 1 A7 


DSF 

1 

DQ4 

3 

SDQ3 

5 

Vss 

7 

SDQ1 

9 

TR/OE 

11 

DQ2 

13 

NC 

15 

A8 

17 

A5 

19 

Vcc 

21 

A3 

23 

A1 

25 

QSF 

27 


2 

DQ3 

4 

SE 

6 

SDQ4 

8 

SC 

10 

SDQ2 

12 

DQ1 

14 

ME/WE 

16 

RAS 

18 

A6 

20 

A4 

22 

A7 

24 

A2 

26 

A0 

28 

CAS 


Each port maybe operated asynchronously and indepen- 
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re- 
freshed to maintain data. The refresh cycles must be timed 
so that all 512 combinations of RAS addresses are executed 
at least every 8ms (regardless of sequence). Micron recom- 
mends evenly spaced refresh cycles for maximum data 
integrity. An internal transfer between the DRAM and the 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C4255 are 
optimized for high performance graphics and communica- 
tion designs. The dual port architecture is well suited to 
buffering the sequential data used in raster graphics dis- 
play, serial /parallel networking and data communications. 
Special features such as SPLIT READ TRANSFER, allow 
further enhancements to system performance. 
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MICRON 

m TECHNOLOGY, INC- 


MT42C4256 
256K x 4 VRAM 


VRAM 256K x 4 DRAM 

WITH 512x4 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh within 8ms, with 32ms option 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 256K x 4 DRAM port 

512 x 4 SAM port 

• No refresh required for serial access memory 

• Low power: 15mW standby; 275mW active, typical 

• Fast access times - 70ns random, 22ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

• BLOCK WRITE 

OPTIONS MARKING 


Timing [DRAM, SAM (cycle/ access)] 
70ns, 25ns /22ns 

- 7 

80ns, 30ns /25ns 

- 8 

100ns, 30ns/27ns 

-10 

Packages 

Plastic SOJ (400 mil) 

DJ 

Plastic ZIP (375 mil) 

Z 

Low power/ extended refresh (32ms) 

L 


GENERAL DESCRIPTION 

The MT42C4256 is a high-speed, dual port CMOS 
dynamic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed by a 
4-bit wide DRAM port or by a 512 x 4-bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. An extended refresh 
(32ms), low power standby option is available as the 
MT42C4256 L. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4 DRAM). Four 512-bit data 
registers make up the SAM portion of the VRAM. Data I/O 
and internal data transfer are accomplished using three 
separate bidirectional data paths; the 4-bit random access 


PIN ASSIGNMENT (Top View) 


28-Pin SOJ 

(Q-4) 


28-Pin ZIP 

(0-3) 


SC [ 1 
SDQ1 [ 2 
_SDQ2 [ 3 
TR/OE [ 4 
DQ1 [ 5 

DQ2 [ 6 

ME/WE [ 7 
NC [ 8 
RAS [ 9 
A8 C 10 


A6 [ 
A5 [ 
A4 [ 


Vcc d 1.4 


28 ] Vss 
27 ] SDQ4 
26 ] SDQ3 
25 ] SE 
24 ] DQ4 
23 ] DQ3 
22 ] DSF 
21 ] CAS 
20 ] QSF 
19 ] A0 
18 ] A1 
17 ] A2 
16 ] A3 
15 ] A7 


DSF 1 
DQ4 3 
SDQ3 5 
Vss 7 
SDQ1 9 
TR/OE 11 
DQ2 13 
NC 15 
A8 17 
A5 19 
Vcc 21 
A3 23 
A1 25 
QSF 27 


:: 

2 DQ3 


4 SE 


6 SDQ4 

[zz 

8 SC 

:: 

10 SDQ2 


12 DQ1 


14 ME/WE 

[p 

16 RAS 

5= 

18 A6 


20 A4 


22 A7 


24 A2 


26 A0 


28 CAS 


I/O port, the four internal 512 bit wide paths between the 
DRAM and the SAM, and the 4-bit serial I/O port for the 
SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Each port maybe operated asynchronously and indepen- 
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re- 
freshed to maintain data. Refresh cycles must be timed so 
that all 512 combinations of RAS addresses are executed at 


least every 8ms, or 32ms for the MT42C4256 L, (regardless 
of sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. An internal transfer 
between the DRAM and the SAM counts as a refresh cycle. 
The SAM portion of the VRAM is fully static and does not 
require any refresh. 

The operation and control of the MT42C4256 are opti- 
mized for high performance graphics and communication 
designs. The dual port architecture is well suited to buffer- 
ing the sequential data used in raster graphics display, 
serial and parallel networking and data communications. 
Special features, such as SPLIT READ TRANSFER and 
BLOCK WRITE allow further enhancements to system 
performance. 
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MICRON 

B TECHNOLOGY. INC. 


MT42C4256 
256K x 4 VRAM 


PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

ZIP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

1 

8 

SC 

Input 

Serial Clock: Clock input to the serial address counter for the 

SAM registers. 

4 

11 

TR/OE 

Input 

Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H — L), or 

Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW), 
otherwise the output buffers are in a High-Z state. 

7 

14 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ 
(ME/WE = H) or WRITE (ME/WE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (ME/WE = H) or 
WRITE TRANSFER (ME/WE = L). 

25 

4 

SE 

Input 

Serial Port Enable: SE enables the serial I/O buffers and 
allows a serial READ or WRITE operation to occur, otherwise 
the output buffers are in a High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a SERIAL INPUT MODE 
ENABLE cycle is performed. 

22 

1 

DSF 

Input 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE vs. PERSISTENT 
MASKED WRITE, etc.) are used on a particular access cycle. 

9 

16 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row- 
address bits and strobe the ME/WE, TR/OE, DSF, SE, 

CAS and DQ inputs. It also acts as the master chip enable and 
must fall for initiation of any DRAM or TRANSFER cycle. 

21 

28 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers 
(along with TR/OE), and strobe the DSF input. 

19, 18, 17, 
16,13,12, 

11, 15, 10 

26, 25, 24, 
23, 20, 19, 
18,22,17 

A0-A8 

Input 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 

AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

5, 6, 23, 24 

12, 13, 2,3 

DQ1-DQ4 

Input/ 

Output 

DRAM Data I/O: Data input/output for DRAM cycles; inputs for 
Mask Data Register and Color Register load cycles, and DQ and 
Column Mask inputs for BLOCK WRITE. 

2, 3, 26, 27 

9, 10, 5, 6 

SDQ1-SDQ4 

Input/ 

Output 

Serial Data I/O: Input, output, or High-Z. 

20 

27 

QSF 

Output 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-51 1 . 

8 

15 

NC 

- 

No Connect: This pin should be left either unconnected or tied 
to ground. 

14 

21 

Vcc 

Supply 

Power Supply: +5V ±1 0% 

28 

7 

Vss 

Supply 

Ground 
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MICRON 

■ TECHNOLOGY. INC. 


MT42C4256 
256K x 4 VRAM 


FUNCTIONAL DESCRIPTION 

The MT42C4256 may be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins , the function not being 

discussed w ill be su rrounded by parentheses. For 
example , the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42C4256 VRAM 
must be refreshed to retain data. All 512 row address 
combinations must be accessed within 8ms. The MT42C4256 
supports CAS-BEFORE-RAS, RAS-ONLY and HIDDEN 
types of r efresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to AO- A8 inputs for RAS-ONLY refresh cycles. The 
DQ pins r emain in a Hig h-Z state for both the RAS-ONLY 
and CAS-BEFORE-RAS refresh cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) af ter a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C4256 is fully static and does not require any 
refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 
"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has several special func- 
tions that can be used when writing to the DRAM. 


The 18 address bits that are used to select a 4-bit word 
from the 262,144 ava ilable are latched into the chip using 
the A0-A8, RAS and CAS inputs. First, the 9 row-address 
bits are set up on the address inputs and clocked into the 
part when RAS transitions from HIGH-to-LOW. Next, the 
9 column address bits are set up on the address inputs and 
clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 

VRAM. If RAS is inactive , HIGH, al l other DRAM 
control pins (CAS, TR/OE, ME/WE, etc.) are “don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, TR/(OE) selects between DRAM access or TRANS- 
FER cycles. TR/(OE) must be HIGH at the RAS HIGH-to- 
LOW transition for all DRAM operations (except CAS- 
BEFORE-RAS). ^ 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ4 port. The (TR)/ 
OE input must transition from HIGH-to-LOW some time 
after RAS falls to enable the DRAM output port. 

For single port normal DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME /(WE) is used, 
when RAS goes LOW, to select bet ween a MA SKED WRITE 
cycle and a normal WRITE cycle. If ME/ (WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE opera- 
tion is selected. For any DRAM access c ycle ( READ or 
WRITE), ME/(WE) must be HIGH at the RAS HIGH-to- 
LOW transition. If (ME) /WE is LOW before CAS goes 
LOW, a DRAM E ARLY-WRITE operation is performed and 
the data present on the DQ1-DQ4 data port will be written 
into t he selected memory cells. If (ME) /WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per- 
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, 
READ-MODIFY-WRITE, FAST-PAGE-MODE READ, 
FAST-PAGE-MODE WRITE (Late or Early), and FAST- 
PAGE-MODE READ-MODIFY-WRITE. Refer to the AC 
timing parameters and diagrams in the data sheet for more 
details on these operations. 
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256K x 4 VRAM 


NONPERSISTENT MASKED WRITE __ 

The MASKED WRITE feature eliminates the need for a allows normal WRITE operation to proceed. Note that CAS 

READ-MODIFY-WRITE cycle when changing only specific is still HIGH. When CAS goes LOW, the bits present on the 

bits within a 4-bit word. The MT42C4256 supports two DQ1-DQ4 inputs will be either written to the DRAM (if the 

types of MASKED WRITE cycles, NONPERSISTENT mask data bit is HIGH) or ignored (if the mask data bit is 

MASKED WRITE and PERSISTENT MAS KED W RITE. LOW). The DRAM contents that correspond to masked 

If ME /(WE) and DSF are LOW at the RAS HIGH-to- input bits will not be changed during the WRITE cycle. The 

LOW transition, a NONPERSISTENT MASKED WRITE is MASKED WRITE is nonpersistent (must be re-entered at 

performed and the data (mask data) present on the DQ1- every RAS cycle) if DSF is LOW when RAS goes LOW. The 

DQ4 inputs will be written into the mask data register. The mask data register is cleared at the end of every NONPER- 

mask data acts as an individual write enable for each of the SISTENT MASKED WRITE. FAST PAGE MODE can be 

four DQ1-DQ4 pins. If a LOW (logic "0") is written to a used with NONPERSISTENT MASKED WRITE to write 

mask data register bit, the input port for that bit is disabled several column locations in an addressed row. The same 

during the subsequent WRITE operation and no new data mask is used during the entire FAST-PAGE-MODE RAS 

will be written to that DRAM cell location. A HIGH (logic cycle. An example NONPERSISTENT MASKED WRITE 

"1") on a mask data register bit enables the input port and cycle is shown in Figure 1. 





STORED MASK 


DATA 



BEFORE 


ADDRESS 0 


INPUT STORED 
DATA 

x IT 

0 _o_ 

X _ 0 _ 

-i > QT 

AFTER 


STORED MASK 


DATA (RE-WRITE) 



STORED STORED 
DATA 

x nr 

i > j_ 

X _0_ 

1 — -> 

AFTER 

ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


^ DON'T CARE 


Figure 1 

NONPERSISTENT MASKED WRITE EXAMPLE 
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ON 


PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycl e is pe rformed by taking ME /(WE) 
and DSF HIGH when RAS goes LO W. The mask data is 
loaded into the internal register when CAS goes LOW. 

PERSISTENT M ASKED W RITE cycles may then be per- 
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 
present on the DQ inputs is not loaded into the mask 


register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS- 
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 2 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow con troller s that cannot provide mask 
data to the DQ pins at RAS time to perform MASKED 
WRITE operations. PERSISTENT MASKED WRITE opera- 
tions may be performed during FAST PAGE MODE cycles 
and the same mask will apply to all addressed columns in 
the addressed row. 


RAS 

CAS 

ME/WE 

DSF 


I LOAD MASK REGISTER — ► | ◄ PERSISTENT MASKED WRITE < — — PERSISTENT MASKED WRITE 

\ j \ / \ r 





\ / 

\ / 

\ / 

A 1 






V / 

~"\_J / 

^\_J r 


MASK 

T 

_ 0 _ 

(Stored in 
Mask Data 
Register) 


STORED 
DATA 
J_ 

J_ 

0_ 

0_ 

BEFORE 


APPLY 

MASK 

REG. 


STORED 

DATA 

> _0 
_0 

> Ll 

AFTER 


ADDRESS 0 


STORED 
DATA 
0_ 

0_ 

0_ 

0_ 

BEFORE 


INPUT STORED 


APPLY 

MASK 

REG. 


DATA 

JO. 

J_ 

_ 0 _ 

AFTER 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


Figure 2 

PERSISTENT MASKED WRITE EXAMPLE 
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Figure 3 

BLOCK WRITE EXAMPLE 


BLOCK WRITE 

If DSF is HIGH when CAS goes LOW, the MT42C4256 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
:olor register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
Is written to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 


However, when CAS goes LOW only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs are then used 
to determine what combination of the four column loca- 
tions will be changed. DQ1 acts as a write enable for column 
location AO = 0, A1 = 0; DQ2 controls column location 
AO = 1, A1 = 0; DQ3 controls AO = 0, A1 = 1; and DQ4 controls 
AO = 1, A1 = 1. The write enable controls are active HIGH; 
the WRITE function is enabled by a logic 1 and disabled by 
a logic 0. 
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NONPERSISTENT MASKED BLOCK WRITE 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER- 
SISTENT MASKED WRITE, except that the mask is now 
applied to four column locations instead of just one. 

Like NONPERSISTENT MASKED WRIT E, the combina- 
tionof ME/ (WE) LOW and DSF LOW when RAS goes LOW 
initiates a NONPERSISTENT MASKED cycle. The DSF pin 
must be driven HIGH when CAS goes LOW, to perform the 
NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes or column 
locations may be masked. 

PERSISTENT MASKED BLOCK WRITE 

This cycle is also performed exactly like the normal 
PERSISTENT MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func- 
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As sho wn i n the Truth Table, the 
comb inatio n of TR/(OE), ME/ (WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a LOAD REGIS- 


TER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle , the mask data 

register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON- 
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are Used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

TRANSF ER op erations are initiated when TR/(OE) is 
LOW then RAS goes LOW. The state of (ME) /WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and AL- 
TERNATE WRITE TRANSFER cycles. Each of the TRANS- 
FER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANS FER) 

If (ME)/ WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad- 
dress bits indicate the four 512-bit DRAM row planes that 
are to be transferred to the four SAM data register planes. 
The column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom- 
plished in two ways. If the transfer is to be synchronized 


with SC (REAL- TIME READ TRANSFER), TR/(OE) is 
taken HIGH after CAS goes LOW. If the transfer does not 
have to be synchronized with SC (READ TRANSFER), TR/ 
(OE) may go HIGH before CAS goes LOW (refer to the AC 
Timing Diagrams). The 2,048 bits of DRAM data are written 
into the SAM data registers and the serial shift start 
address is stored in an internal 9-bit register. QSF will be 
LOW if access is from the lower half (addresses 0 through 
255), and HIGH if access is from the upper half (256 through 
511). If SE is LOW, the first bits of the new row data will 
appear at the serial outputs with the first SC clock pulse. 
SE enables the serial outputs and may be either HIGH or 
LOW during this operation. The SAM address pointer will 
increment with the SC LOW-to-HIGH transition, regard- 
less of the state of SE. Performing a READ TRANSFER cycle 
sets the direction of the SAM I/O buffers to the output 
mode. 




// 

-ff- 


!\S 


S\S- 


(NORMAL) READ TRANSFER 

FROM: ROW 0 
TO: FULL SAM, 

SAM I/O IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 


SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: ROW 0 
TO: UPPER SAM, 

TAP ADDRESS = 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 


SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 


SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 

TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

WA DON’T CARE 

UNDEFINED 


Figure 4 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half The transfer may 
occur at any time while the other half is sending data and 
need not be s ynch ronized with the SC clock. 

The TR/(OE) timing is also relaxed for SPLIT 
TRANSFER cycles. The rising edge of TR/(OE) is not used 
to complete the TRANSFER c ycle a nd therefore is inde- 
pendent of the rising edges of RAS or CAS. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 
A SPLIT READ TRANSFER does not change the direction 
of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre- 
cede any sequence of SPLIT READ TRANSFER cycles to set 
SAM 1/ O direction and provide a reference to which half of 
the SAM the access will begin. Then SPLIT READ TR ANS- 
FERS may be initiated by taking DSF HIGH when RAS 
goes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, AO- A7, is used to 
input the SAM Tap address. Address pin A8 is a "don't care" 
when the Ta p add ress is loaded at the HIGH-to-LOW 
transition of CAS. It is internally generated so that the 
SPLIT TRANSFER will be to the SAM half not currently 
being accessed. 


LOWER HALF 

I — NO SRT - — - — | 

0 TAP 255 


Start Split 


Figure 4 shows a typical SPLIT READ TRANSFER initia- 
tion sequence. The normal READ TRANSFER is first per- 
formed, followed by a SPLIT READ TRANSFER of the same 
row to the upper half of the SAM. The SRT to the upper half 
is optional and need only be done if the Tap for the upper 
half is * 0. Serial access continues, and when the SAM 
address counter reaches 255 ("A8" = 0, A0-A7 = 1), the new 
Tap address is loaded for the next half ("A8" = 1, A0-A7 = 
Tap) and the QSF output goes HIGH. Once the serial access 
has switched to the upper SAM, new data may be trans- 
ferred to the lower SAM. The controller must wait for the 
state of QSF to change and then the new data may be 
transferred to the SAM half not being accessed. For 
example, the next step in Figure 4 would be to wait until 
QSF went LOW (indicating that row-1 data is shifting out of 
the lower SAM) and then transfer the upper half of row 1 to 
the upper SAM. If the half boundary is reached before an 
SRT is done for the next half a Tap address of "0" will be 
used. Access will start at 0 if going to the lower half, or 256 
if going to the upper half. See Figure 5. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is iden tical t o the 
READ TRANSFER described p revio usly except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row 
address indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap) indi- 
cates the starting address of the next SERIAL INPUT cycle 
for the SAM data registers. A WRITE TRANSFER changes 
the direction of the SAM I/O buffers to the input mode. QFS 
is LOW if access is to the lower half of the SAM, and HIGH 
if access is to the upper half. 


UPPER HALF 

I — — NO SRT 1 

256 511 


Figure 5 

SPLIT SAM TRANSFER 
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycle is a WRITE TRANSFER cycle with SE 
held HIGH instead of LOW. The DRAM data will not be 
disturbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGHand (ME)/WE is LOW when RAS goes LOW, al- 
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. AL- 
TERNATE WRITE TRANSFER will change the SAM I/O 
direction to an input condition. 

SERIAL INPUT AND SERIAL OUTPUT 

The control inputs for SERIAL INPUT and SERIAL OUT- 
PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 4-bit port. SE is used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 


and will wrap around (after count 255 or 511) to the Tap 
address of the next half for split modes. If an SRT was not 
performed before the half boundary is reached the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 511) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi- 
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 

After Vcc is at specified operating conditions, for lOOps 
minimum, eight RAS cycles must be executed to initialize 
the d ynamic memory array. Micron recommends that 
RAS = (TR)/OE > Vih during power up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data. 

The SAM portion of the MT42C4256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the l/0_pins (SDQs) will be 
High-Z, regardless of the state of SE. The mask and color 
register will contain random data after power-up. QSF 
initializes in the LOW state. 
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TRUTH TABLE 


CODE 

FUNCTION 

RfiS falling edge 

CAS FALL 

A0-A8 1 

DQ1-DQ4 2 

REGISTERS 

CAS | TR/OE | ME/WE | DSF | SE 

DSF 

RAS | CAS 

MS |CAS,WE 3 

MASK COLOR 

DRAM OPERATIONS j 

CBR 

CAS-BEFORE-RAS REFRESH 

0 

X 

X 

X 

X 

X 

— 

X 

— 

X 

X 

X 

ROR 

FSAS-ONLY REFRESH 

i 

1 

X 

X 

X 

_ ' 

ROW 

— 

X 

— 

X 

X 

RW 

NORMAL DRAM READ OR WRITE 

i 

1 

1 

0 

X 

0 

ROW 

COLUMN 

X 

VALID 

X 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) MASKED 

WRITE TO DRAM 

i 

1 

0 

0 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 
USE 

X 

RWOM 

PERSISTENT (USE REGISTER) MASKED 

WRITE TO DRAM 

i 

1 

0 

1 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

X 

BW 

BLOCK WRITE TO DRAM (NO DATA MASK) 

i 

1 

1 

0 

X 

1 

ROW 

COLUMN 

(A2-A8) 

X 

COLUMN 

MASK 

X 

USE 

BWNM 

NONPERSISTENT (LOAD & USE) MASKED 

BLOCK WRITE TO DRAM 

i 

1 

0 

0 

X 

1 

ROW 

COLUMN 

WRITE 

MASK 

COLUMN 

MASK 

LOAD & 
USE 

USE 

BWOM 

PERSISTENT (USE MASK REGISTER) MASKED BLOCK 

WRITE TO DRAM 

i 

1 

0 

1 

X 

1 

ROW 

COLUMN 

(A2-A8) 

X 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS j 

LMR 

LOAD MASK REGISTER 

i 

1 

1 

1 

X 

0 

ROW 4 

X 

X 

WRITE 

MASK 

LOAD 

X 

LCR 

LOAD COLOR REGISTER 

i 

1 

1 

1 

X 

1 

ROW 4 

X 

X 

COLOR 

DATA 

X 

LOAD 

TRANSFER OPERATIONS 

RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

i 

0 

1 

0 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

i 

0 

1 

1 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

WT 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

i 

0 

0 

0 

0 

X 

ROW 

TAP 5 

X 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 

i 

0 

0 

0 

1 

X 

ROW 4 

TAP 5 

X 

X 

X 

X 

AWT 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

i 

0 

0 

1 

X 



X 

ROW 

TAP 5 

X 

X 

X 

X 


NOTE: 1 . These columns show what must be present on the A0-A8 inputs when RA S falls and when GA S falls . 

2. These columns show what must be present on the DQ1-DQ4 inputs when RAS falls and when CAS f alls. 

3. On WRITE cycles (except BLOCK WRITE), the input data is latched at the falling edge of CAS or ME/WE, 
wh i che ver is later. Similarly, on READ cycles, the output data is activated at the falling edge of CAS or 
TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

5. This is the SAM location that the first SC cycle will access. For split SAM transfers, the Tap will be the first 
address location accessed of the “new” SAM half after the boundary of the current half is reached (255 for 
lower half, 51 1 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) ....0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation . 1W 

Short Circuit Output Current . 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T a < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

Any input (0V < Vin < Vcc); all other pins not under test = 0V 

lL 

-10 




OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0V < Vout < Vcc) 

loz 

-10 





VOH 

sa 


V 

1 






CAPACITANCE 


PARAMETER 





NOTES 

Input Capacitance: A0-A8 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF 

C.I2 


7 

PF 

2 

Input/Output Capacitance: DQ, SDQ 

Ci/o 


9 

PF 

2 

Output Capacitance: QSF 

Co 


9 

PF 

2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C < T a < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

95 

85 

75 

mA 

3,4 

26 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

85 

75 

65 

mA 

3,4 

27 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN), other inputs > Vih or < Vil) 

ICC3 

8 

8 

8 

mA 

4 

STANDBY CURRENT: CMOS INPUT LEVELS (MT42C4256 L only) 

(RAS = CAS > Vcc -0.2V, other inputs > Vcc -0.2V or < -0.2V) 

ICC4 

500 

500 

500 

UA 

4 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC5 

95 

85 

75 

mA 

3, 26 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS = Cycling) 

ICC6 

95 

85 

75 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) MT42C4256 L only 
Average power supply current during BATTERY BACKUP refresh: 

CAS < 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 

300ns; ME/WE, A0-A8 and DQs > Vcc - 0.2V or < 0.2V (DQs may be left 
open), l RC = 62.5ps (51 2 rows at 62.5jxs = 32ms) 

ICC7 

600 

600 

600 

|iA 

3,5 

SAM/DRAM DATA TRANSFER 

ICC8 

105 

95 

95 

mA 

3 


CURRENT DRAIN, SAM ACTIVE ( l SC = MIN) 


(0°C < T a < 70°C; Vcc = 5V ±10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC9 

150 




EBB 

EE 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 






i 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN), other inputs > Vih or < Vil) 


Qj 




■ 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 






iHB 

B 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC13 

150 

130 

120 

mA 

3, 4,5 

SAM/DRAM DATA TRANSFER 

ICC14 

160 

130 

125 

mA 

3,4 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


180 


ns 


READ-MODIFY-WRITE cycle time 

l RWC 

175 


190 


230 


ns 


FAST-PAGE-MODE READ or WRITE 

{ PC 

45 


50 


55 


ns 


cycle time 










FAST-PAGE-MODE READ-MODIFY-WRITE 

l PRWC 

90 


95 


110 


ns 


cycle time 










Access time from RAS 

*RAC 


70 


80 


100 

ns 

14 

Access time from CAS 

! cac 


20 


25 


25 

ns 

15 

Access time from (TR)/OE 

'OE 


20 


20 


25 

ns 


Access time from column address 

'AA 


35 


40 


45 

ns 


Access time from CAS precharge 

1 CPA 


40 


45 


50 

ns 


RAS pulse width 

'RAS 

70 

20,000 

80 

20,000 

100 

20,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

t RSH 

20 


25 


25 


ns 


RAS precharge time 

'RP 

50 


60 


70 


ns 


CAS pulse width 

'CAS 

20 

10,000 

25 

10,000 

25 

10,000 

ns 


CAS hold time 

'CSH 

70 


80 


100 


ns 


CAS precharge time 

'CP 

10 


10 


10 


ns 


RAS to CAS delay time 

*RCD 

20 

50 

20 

55 

25 

75 

ns 

17 

CAS to RAS precharge time 

*CRP 

10 


10 


10 


ns 


Row address setup time 

l ASR 

0 


0 


0 


ns 


Row address hold time 

'RAH 

10 


10 


15 


ns 


RAS to column 

l RAD 

15 

35 

15 

40 

20 

50 

ns 

18 

address delay time 










Column address setup time 

l ASC 

0 


0 


0 


ns 


Column address hold time 

! cah 

15 


15 


15 


ns 


Column address hold time 

'ar 

45 


55 


70 


ns 


(referenced to RAS) 










Column address to 

'RAL 

35 


40 


50 


ns 


RAS lead time 










Read command setup time 

'RCS 

0 


0 


0 


ns 


Read command hold time 

'RCH 

0 


0 


0 


ns 

19 

(referenced to CAS) 










Read command hold time 

*RRH 

0 


0 


0 


ns 

19 

(referenced to RAS) 










CAS to output in Low-Z 

l CLZ 

3 


3 


3 


ns 


Output buffer 

l OFF 

3 

20 

3 

20 

3 

20 

ns 

20, 23 

turn-off delay 










Output disable 

*00 

3 

10 

3 

10 

3 

20 

ns 

20, 23 

Output disable hold time from start of WRITE 

*OEH 

10 


10 


20 


ns 

25 

OE LOW to RAS HIGH delay time 

*ROH 

0 


0 


0 


ns 
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MULTIPORT D 


DRAM TIMING PARAMETERS (continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 
PARAMETER 

Write command setup time 


MAX UNITS NOTES 

ns 21 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TR/(OE) LOW to RAS setup time 

Tls 

0 


0 


0 


ns 


TR/(OE) LOW to RAS hold time 

‘tlh 

15 

10,000 

15 

10,000 

15 

10,000 

ns 


TR/(OE) LOW to RAS hold time 
(REAL-TIME READ TRANSFER only) 

l RTH 

65 

10,000 

70 

10,000 

80 

10,000 

ns 


TR/(OE) LOW to CAS hold time 
(REAL-TIME READ TRANSFER only) 

l CTH 

25 


25 


25 


ns 


TR/(OE) HIGH to SC lead time 

*tsl 

5 


5 


5 


ns 


TR/(OE) HIGH to RAS precharge time 

l TRP 

50 


60 


70 


ns 


TR/(OE) precharge time 

*TRW 

20 


20 


30 


ns 


First SC edge to TR/(OE) HIGH 
delay time 

VSD 

15 


15 


15 


ns 


Serial output buffer turn-off 
delay from RAS 

<SDZ 

7 

40 

7 

40 

7 

40 

ns 


SC to RAS setup time 

'SRS 

25 


30 


30 


ns 


Serial data input to SE delay time 

*SZE 

0 


0 


0 


ns 


Serial data input delay from RAS 

*SDD 

50 


50 


50 


ns 


Serial data input to RAS delay time 

^ZS 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS setup time 

’ESR 

0 


0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS hold time 

l REH 

15 , 


15 


15 


ns 


TR/(OE) HIGH to RAS setup time 

VS 

0 


0 


0 


ns 


TR/(OE) HIGH to RAS hold time 

VH 

15 


15 


15 


ns 


DSF to RAS setup time 

! fsr 

0 


0 


0 


ns 


DSF to RAS hold time 

l RFH 

15 


15 


15 


ns 


SC to QSF delay time 

^QD 


30 


30 


30 

ns 


SPLIT TRANSFER setup time 

'STS 

25 


30 


30 


ns 


SPLIT TRANSFER hold time 

l STH 

0 


0 


0 


ns 


RAS to QSF delay time 

'ROD 


75 


75 


75 

ns 


DSF to RAS hold time 

*FHR 

45 


55 


70 


ns 


DSF to CAS setup time 

•fsc 

0 


0 


0 


ns 


DSF to CAS hold time 

^FH 

15 


15 


20 


ns 


TR/OE to QSF delay time 

•tqd 


25 


25 


25 

ns 


CAS to QSF delay time 

*CQD 


35 


35 


35 

ns 


RAS to first SC delay 

t RSD 

80 


80 


80 


ns 


CAS to first SC delay 

'CSD 

30 


30 


30 


ns 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 

-10 


“ 1 

PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 


irnrei 

mm 

Serial clock-cycle time 

'sc 

25 


30 


30 




Access time from SC 

'SAC 


22 


25 


27 


BE 

SC precharge time (SC LOW time) 

'SP 

8 


10 


10 


■ 


SC pulse width (SC HIGH time) 

'SAS 

8 


10 


10 


ns 


Access time from SE 

'SEA 


15 


15 


15 

ns 

24 

SE precharge time 

^EP 

20 


20 


20 


ns 


SE pulse width 

l SE 

20 


20 


20 


ns 


Serial data-out hold time after 

SC high 

'SOH 

5 


5 


5 


ns 

24, 28 

Serial output buffer turn-off 
delay from SE 

*SEZ 

3 

12 

3 

12 

3 

12 

ns 

20,24 

Serial data-in setup time 

l SDS 

0 


0 


0 


ns 


Serial data-in hold time 

X SDH 

10 


10 


10 


ns 


Serial input (Write) Enable 
setup time 

X S\NS 

0 


0 


0 


ns 


Serial input (Write) Enable 
hold time 

X S\NH 

15 


15 


15 


ns 


Serial input (Write) disable 
setup time 

l SWIS 

0 


0 


0 


ns 


Serial input (Write) disable 
hold time 

l SWIH 

15 


15 


15 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on I/O loading. Specified values are 
obtained with minimum cycle time and the I/Os 
open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lO Ops is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the t REF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). Input signals transition between 0V and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ4) is 
H igh-Z . 

12. If CAS = Vil, DRAM data output (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 2 TTL gates and lOOpF. Output reference 
levels: Voh = 2.0V; Vol 0.8V. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for t CPN. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified t RAD (MAX) limit, then access time is 
controlled exclusively by 4 AA. 


19. Either *RCH or t RRH must be satisfied for a READ 
cycle. 

20. *OD, t OFF and *SEZ define the time when the output 
achieves open circuit (Voh -200mV, Vol +200mV). 
This parameter is sampled and not 100 percent tested. 

21. hVCS, 4 RWD, l AWD and f CWD are restrictive 
operating parameters in LATE- WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If *WCS > 
HVCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/OE. If *WCS < 
HVCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If f RWD > *RWD 
(MIN), *AWD > *AWD (MIN) and *CWD > *CWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and ‘OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME /WE leading edge in 
LATE-WRITE or READ- WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
H IGH, D Q goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8 V. 

25. *OD and *OEH must be met in LATE-WRITE and 
READ-MODIFY-WRITE cycles (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE c ycle. T he 
DQs will provide previously read data if CAS 
remai ns LOW and OE is taken LOW after *OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

26. Addr ess (A 0-A8) may be changed two times or less 
while RAS = Vil. 

27. Addr ess (A0-A 8) ma y be changed once or less while 
CAS = Vih and RAS = Vil. 

28. *SAC is MAX at 70° C and 4.5V Vcc; *SOH is MIN at 
0°C and 5.5V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
*SOH = *SAC - output transition time; this is guaran- 
teed by design. 

29. Values in parenthesis apply to the "L" version. 
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WRITE CYCLE FUNCTION TABLE 1 



LOGIC STATES 


fiRTFalling Edge 

DAS' Falling Edge 

FUNCTION 

A 

B 

c 

0 

mtum ■ 


ME/WE 

DSF 

DQ (Input) 

DSF 


Normal DRAM WRITE 

1 

0 

X 

0 

DRAM Data 

NONPERSISTENT (Load and Use) 

MASKED WRITE to DRAM 

0 

0 

Write 

Mask 

0 

DRAM 

Data (Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

0 

1 

X 


DRAM 

Data (Masked) 

BLOCK WRITE to DRAM (No Data Mask) 

1 

0 

X 

1 

Column Mask 3 

NONPERSISTENT (Load and Use) 

MASKED BLOCK WRITE to DRAM 

0 



■ 

Column 

Mask 3 

PERSISTENT (Use Register) 

MASKED BLOCK WRITE to DRAM 

0 

■ 

X 

■ 

Column 

Mask 3 

Load Mask Register 

1 

1 

X 

0 

Write Mask 

Load Color Register 

1 

1 

X 

1 

Color Data 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E" for the WRITE cycle 
timin g d iagrams on the following pages. 

2. CAS or ME/WE, whichever occurs later (Except Block Write). __ 

3. WE = “don’t care” for Blo ck Write. The DQ column-mask data will be latched at the falling edge of CAS, 
regardless of the state of ME/WE. 
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MT42C4256 
256K x 4 VRAM 


DRAM EARLY-WRITE CYCLE 1 





NOTE: 1 . The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

2. For Block Write, ME/WE = “don’t care.” For all other EARLY-WRITE cycles, ME/WE = LOW. 
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MT42C4256 
256K x 4 VRAM 


DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 


tRASP 



NOTE: 1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 




IOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” and “C” determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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DRAM RS5-0NLY REFRESH CYCLE 

(AD DR = A0-A8) 



DRAM €a5-BEF0RE-R£5 REFRESH CYCLE 

tR P *RAS *RP tRAS 



— i 


— 





ras ''£WM/ 





( 1 

\ 


l RPC 









4 CP 

l CSR 

l CHR 


l RPC 

l CSR 


l CHR 


5- M-wr 1 


/ 

'WMM. 

N 




'm 




- yj rWZMMZMZZZZZZZZZZZZZZZMZ^^ 

DQ v'olI OPEN OPEN 

j%| DON’T CARE 
^ UNDEFINED 


MT42C4256 
REV. 4/92 


5-30 


Micron Technology, Inc., reserves the right to change products or specifications without notice 
©1992, Micron Technology, Ini 






NOTE: AHIDDEN REFRESH may also be performedaftera WRITE or TRANSFER cycle. In the WRITE case, 

ME/ WE = LO W (when CAS goes LOW) and TR/OE = HIGH and the DQ pins stay High-Z. In the TRANSFER 
ca se, TR/ OE = LOW (when RAS goes LOW) and the DQ pins stay High-Z during the refresh period, regardless 
of TR/OE. 
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READ TRANSFER 3 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode or SC idle) 



QSF = 1 when the Upper_SAMJbits 256-511) is being accessed. 

3. If TLH is timing for the TR/(OE) risin g edge, the transfer is self-timed and the { CSD and *RSD times must be 
met. If t RTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
TSD must be met. 
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REAL-TIME READ-TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



NOTE: 1 . The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 


DON’T CARE 
UNDEFINED 
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WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 


NOTE: 



IfSE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-51 1) is being accessed. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



NOTE: 1 . SE must be LOW to input new serial data, but the serial address 
register is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0—255) is being accessed. 



QSF = 1 when the Upper SAM (bits 256-51 1 ) is being accessed. 
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RON 


ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 



NOTE: 1 . SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 


Y7A DON’T CARE 
Ejjjjl UNDEFINED 
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SUPERSEDED BY MT42C8128 



MT42C8127 
128Kx8 VRAM 


VRAM 128Kx8 DRAM 

WITH 256 x 8 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% (-10), +5V ±5% (-8S) power supply 

• Inputs and out puts a re fully TTL compatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh within 8ms 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 128K x 8 DRAM port 

256 x 8 SAM port 

• No refresh required for serial access memory 

• Low power: 15mW standby; 275mW active, typical 

• Fast access times - 80ns random, 25ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

OPTIONS MARKING 


• Timing [DRAM, SAM (cycle/access)] 

80ns, 25ns/25ns 

-8S 

100ns, 30ns/30ns 

-10 

• Packages 


Plastic SOJ (400 mil) 

DJ 


GENERAL DESCRIPTION 

The MT42C8127 is a high speed, dual port CMOS dy- 
namic random access memory, or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM). Eight 256-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom- 
plished using three separate bidirectional data paths: the 8- 
bit random access I/O port, the eight internal 256 bit wide 
paths between the DRAM and the SAM, and the 8-bit serial 
I/O port for the SAM. The rest of the circuitry consists of the 
control, timing, and address decoding logic. 


PIN ASSIGNMENT (Top View) 

40-Pin SOJ 

(Q-6) 


sc 

SDQ1 

SDQ2 

SDQ3 

_S_DQ4 

TR/OE 

DQ1 

DQ2 

DQ3 

DQ4 

Vccl 

ME/WE 

NC 

RAS 

NC 

A8 

A6 

A5 

A4 

Vcc2 


] Vssl 
] SDQ8 
] SDQ7 
] SDQ6 
D SDQ5 
] SE 
] DQ8 
: DQ7 
1 DQ6 
] DQ5 
1 Vss2 
1 DSF 
] NC_ 

] CAS 
] QSF 
] AO 
] A1 
] A2 
] A3 
] A7 


C 1 

40 

[ 2 

39 

[ 3 

38 

[ 4 

37 

[ 5 

36 

C 6 

35 

[ 7 

34 

[ 8 

33 

C 9 

32 

[ 10 

31 

[ 11 

30 

C 12 

29 

[ 13 

28 

[ 14 

27 

: 15 

26 

[ 16 

25 

[ 17 

24 

[ 18 

23 

C 19 

22 

C 20 

21 


Each port may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms (regardless of 
sequence) . Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and the SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and does not require any 
refresh. 

The operation and control of the MT42C8127 are 
optimized for high performance graphics and communica- 
tion designs. The dual port architecture is well suited to 
buffering the sequential data types used in rastor graphics 
display, serial and parallel networking and data communi- 
cations. Special features, such as SPLIT READ TRANSFER, 
allow further enhancements to system performance. 


MT42C8127 
REV. 4/92 


5-39 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


■ MULTIPORT DRAM 






H MULTIPORT DRAM 





MT42C8127 
REV. 4/92 


5-40 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 






1 28K x 8 DRAM 
WITH 256 x 8 SAM 


FEATURES 

• Industry standard pinout, timing and functions 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Low power: 15mW standby; 275mW active, typical 

• Inputs and out puts a re fully TTL c ompatible 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh within 8ms 

• No refresh required for serial access memory 

• Optional FAST PAGE MODE access cycles 

• Dual port organization: 128K x 8 DRAM port 

256 x 8 SAM port 

• Fast access times - 70ns fandom, 22ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Function set 

• PERSISTENT MASKED WRITE 

• SPLIT READ TRANSFER 

• WRITE TRANSFER/SERIAL INPUT 

• ALTERNATE WRITE TRANSFER 

• BLOCK WRITER— 

OPTIONS MARKING 


Timing [DRAM, SAM (cycle /access)] 

70ns, 25ns/22ns 

- 7 

80ns, 30ns /25ns 

- 8 

100ns, 30ns /27ns 

-10 

Packages 

Plastic SOJ (400 mil) 

DJ 

Plastic TSOP (400 mil) 

TG 


► 32ms low power /extended refresh L 


GENERAL DESCRIPTION 

The MT42C8128 is a high-speed, dual port CMOS dy- 
lamic random access memory or video RAM (VRAM) 
ontaining 1,048,576 bits. These bits may be accessed either 
y an 8-bit wide DRAM port or by a 256 x 8-bit serial access 
nemory (SAM) port. Data may be transferred bidirection- 
lly between the DRAM and the SAM. An extended refresh 
32ms), low power option is available as the MT42C8128 L. 

The DRAM portion of the VRAM is functionally identical 



to the MT4C4256 (256K x 4 DRAM). Eight 256-bit data 
registers make up the SAM portion of the VRAM. Data 1/ O 
and internal data transfer are accomplished using three 
separate bidirectional data paths: the 8-bit random access 
I/O port, the eight internal 256 bit wide paths between the 
DRAM and the SAM, and the 8-bit serial I/O port for the 
SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 
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Each port may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 8ms, or 32ms for the 
MT42C8128 L, (regardless of sequence). Micron recom- 
mends evenly spaced refresh cycles for maximum data 
integrity. An internal transfer between the DRAM and 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and requires no refresh. 


The operation and control of the MT42C8128 is 
optimized for high performance graphics and communica- 
tion designs. The dual port architecture is well suited to 
buffering the sequential data used in raster graphics dis- 
play, serial/ parallel networking and data communications. 
Special features such as SPLIT READ TRANSFER and 
BLOCK WRITE, allow further enhancements to 
system performance. 



FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

TSOP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

1 

1 

SC 

Input 

Serial Clock: Clock input to the serial address counter 
for the SAM registers. 

6 

6 

; 

TR/OE 

Input 

' 

Transfer Enable: Enables an internal TRANSFER 
operation at RAS (H — L), or 

Output Enable: Enables the DRAM output buffers 
when taken LOW after RAS goes LOW (CAS must 
also be LOW), otherwise the output buffers are in a 
High-Z state. 

12 

14 

ME/WE 

: : '■■■ 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of 
RAS, a MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ 
(ME/WE = H) or WRITE (ME/WE = L) cycle when 
accessing the DRAM. This includes a READ TRANS- 
FER (ME/WE = H) or WRITE TRANSFER 
(ME/WE = L). 

35 

39 

SE 

Input 

Serial Port Enable: SE enables the serial I/O buffers 
and allows a serial READ or WRITE operation to 
occur, otherwise the output buffers are in a High-Z 
state. SE is also used during a WRITE TRANSFER 
operation to indicate whether a WRITE TRANSFER or 
a SERIAL INPUT MODE ENABLE cycle is performed. 

29 

31 

DSF 

Input 

Special Function Select: DSF is used to indicate which 
special functions (BLOCK WRITE, MASKED WRITE 
vs. PERSISTENT MASKED WRITE, etc.) are used for 
a particular access cycle. 

14 

16 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 
row-address bits and strobe the ME/WE, TR/OE, 

DSF, SE, CAS and DQ inputs. It acts as master chip 
enable, and must fall to initiate any DRAM or 
TRANSFER cycle 

27 

29 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 
column-address bits, enable the DRAM output buffers 
(along with TR/OE), and strobe the DSF input. 

25, 24, 23, 
22, 19, 18, 
17, 21, 16 

27, 26, 25, 
24,21,20, 

19, 23, 18 

A0-A8 

Input 

Address Inputs: For the DRAM operation, these inputs 
are multiplexed and clocked by RAS and CAS to select 
one 8-bit word out of the 128K available. During 
TRANSFER operations, AO to A8 indicate the DRAM 
row being accessed (when RAS goes LOW) and A0- 
A7 indicate the SAM start address (when CAS goes 
LOW). A7, A8 = “don’t care” for the start address when 
during SPLIT TRANSFER. 
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PIN DESCRIPTIONS (continued) 


SOJ PIN 
NUMBERS 

TSOP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

7,8,9, 10, 
31,32, 

33, 34 

7,8,9,10, 

35, 36, 37, 

38 

DQ1-DQ8 

Input/ 

Output 

DRAM Data I/O: Data input/output for DRAM cycles; 
inputs for Mask Data Register and Color Register load 
cycles, and DQ and Column Mask inputs for BLOCK 
WRITE. 

2,3,4, 5, 36, 
37, 38, 39 

2,3, 4, 5, 40, 
41,42, 43 

SDQ1-SDQ8 

Input/ 

Output 

Serial Data I/O: Input, output, or High-Z. 

26 

28 

QSF 

Output 

■jt . 

Split SAM Status: QSF indicates which half of the SAM 
is being accessed. LOW if address is 0-127, HIGH if 
address is 128-255. 

15, 28 

17, 30 

NC 

- 

No Connect: This pin should be either left unconnected 
or tied to ground. 

11,20 

13,22 

Vcc 

Supply 

Power Supply: +5V ±10% 

30,40 

32,44 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT42C8128 may be divided into three functional 
blocks: the DRAM, the transfer circuitry, and the SAM. All 
of the operations described below are shown in the AC 
Timing Diagrams section of this data sheet and summa- 
rized in the Truth Table. 

Note: For dual- function pins , the function that is not being 

discussed will be surrounded by parentheses. For 
example, the TR/OE pin will be shown as TR/COE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM-based memory, the MT42C8128 VRAM 
must be refreshed to retain data. All 512 row address 
combinat ions m ust be acc essed within 8ms. The MT42C8128 
supports CAS-BEFORE-RAS, RAS-ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data, and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

The refresh address must be generated externally and 
applied to A0-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS- 
ONLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C8128 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
his part, several conditions that were undefined or in 
'don't care" states for the DRAM are specified for the 
/RAM. These conditions are highlighted in the following 
iiscussion. In addition, the VRAM has several special func- 
ions that can be used when writing to the DRAM. 


The 17 address bits used to select an 8-bit word from the 
131,072 available are latched into the chip using the A0-A8, 
RAS and CAS inputs. First, the 9 row-address bits are set up 
on the address inputs and clocked into the part when RAS 
transitions from HIGH-to-LOW. Next, the 8 column ad- 
dress bits are set up on the address inputs and clocked-in 
when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 

VRAM. If RAS is ina ctive, HIGH; a ll other DRAM 
control pins (CAS, TR/OE,ME/WE, etc.) area " don't 
care " and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. For the VRAM, when RAS goes LOW,TR/ 
(OE) selects between DRAM a ccess or TRANSFER cycles. 
TR/(OE) must be HIGH at the RAS HIGH-to-LOW transi- 
tion for all DRA M operations (except CAS-BEFORE-RAS). 

If (ME) /WR is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. To enable 
the DRAM output port, the (TR) /OE input must transition 
from HIGH-to-LOW some time afte r RA S falls. 

For single port normal DRAMs, W E is a "don 't care" 
when RAS goes LOW. For the VRAM, ME /(WE) is used, 
when RAS goes LOW, to select between a MASKED WRITE 
cycle and a normal WRITE cycle. If ME/ (WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE opera- 
tion is selected. For any DRAM access c ycle ( READ or 
WRITE), ME/ (WE) must be HIGH at the RAS HIGH -to- 
LOW transition. If (ME) /WE is LOW before CAS goes 
LOW, a DRAM EARLY- WRITE operation is performed and 
the data present on the DQ1-DQ8 data port will be written 
into the selected memory cells. If (ME) / WE goes LOW after 
CAS goes LOW, a DRAM LATE-WRITE operation is per- 
formed. Refer to the AC timing diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ- 
MODIF Y -WRITE, FAST-PAGE-MODE READ, FAST- 
PAGE-MODE WRITE (Late or Early), and FAST-PAGE- 
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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NONPERSISTENT MASKED WRITE 

The MASKED WRITE feature eliminates the need for a 
READ-MODIFY-WRITE cycle when changing only specific 
bits within an 8-bit word. The MT42C8128 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MAS KED W RITE. 

If ME /(WE) and DSF are LOW at the RAS HIGH-to- 
LOW transition, a NONPERSISTENT MASKED WRITE is 
performed and the data (mask data) present on the DQ1- 
DQ8 inputs will be written into the mask data register. The 
mask data acts as an individual write enable for each of the 
eight DQ1-DQ8 pins. If a LOW (logic "0") is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
" 1 ") on a mask data register bit enables the input port and 


allows normal WRITE operation to proceed. Note that CAS 
is still HIGH. When CAS goes LOW, the bits present on the 
DQ1-DQ8 inputs will be either written to the DRAM (if the 
mask data bit is HIGH) or ignored (if the mask data bit is 
LOW). The DRAM contents that correspond to masked 
input bits will not be changed during the WRITE cycle. The 
MASKED WRITE is nonpersistent (must be re-entered at 
every RAS cycle) if DSF is LOW when RAS goes LOW. The 
mask data register is cleared at the end of every NONPER- 
SISTENT MASKED WRITE. FAST PAGE MODE can be 
used with NONPERSISTENT MASKED WRITE to write 
several column locations in an addressed row. The same 
mask is used during the entire FAST-PAGE-MODE RAS 
cycle. An example NONPERSISTENT MASKED WRITE 
cycle is shown in Figure 1. 


NONPERSISTENT MASKED WRITE 


NONPERSISTENT MASKED WRITE 


RAS 


CAS 


ME/WE 

DSF 

STORED 

DATA 

JL 

_0_ 
_0_ 

JL 

J_ 

JL 

! o i 


MASK 


INPUT 


STORED 

DATA 


0 X 

1 



0 

1 0 > 

0 



0 

0 X 

0 



0 

1 1 — -> 

1 



0 

0 X 

JL 



A 

-I o > 

JL 



o_ 

0 X 




_o_ 

-1 0 > 

A 



A 


ADDRESS 0 


STORED MASK 
DATA (RE-WRITE) 
0 
1 
0 
1 
0 
1 
0 
1 



INPUT 

X 

1 > 

X 

1 > 

X 

0 > 

X 

0 > 


STORED 
DATA 
_0_ 

0_ 

_ 1 _ 

0_ 

JL 
o_ 

o 


ADDRESS 1 


X = NOT EFFECTIVE (DON’T CARE) 


DON’T CARE 


Figure 1 

NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycl e is pe rformed by taking ME/ (WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. 

PERSISTENT M ASKED W RITE cycles may then be per- 
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 
present on the DQ inputs is not loaded into the mask 


register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS- 
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 2 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers that cannot provide mask 
data to the DQ pins at RAS time to perform MASKED 
WRITE operations. PERSISTENT MASKED WRITE opera- 
tions can be performed during FAST PAGE MODE cycles 
and the same mask will apply to all addressed columns in 
the addressed row. 


- LOAD MASK REGISTER - 


- PERSISTENT MASKED WRITE - 


- PERSISTENT MASKED WRITE - 


0_ 

_0_ 

A 

■\_ 

2_ 

_o_ 

(Stored in 
Mask Data 
Register) 

X = NOT EFFECTIVE (DON’T CARE) 



STORED 
DATA 
_ 1 _ 

_0_ 

_0_ 

_ 1 _ 

_0_ 

_0_ 
BEFORE 


INPUT STORED 
DATA 

F 


APPLY 

MASK 

REG. 


_0_ 

_0_ 

_0_ 

_1_ 

0_ 

AFTER 


STORED 
DATA 
_0_ 

_0_ 

0_ 

0_ 

0_ 

0_ 

_C^ 

0_ 

BEFORE 


APPLY 

MASK 

REG. 


- ADDRESS 1 - 


> 


STORED 

DATA 

0^ 

1_ 

0 _ 
i_ 
o_ 
o_ 

J_ 

0_ 
AFTER 


Figure 2 

PERSISTENT MASKED WRITE EXAMPLE 
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COLUMN 
(A2-A7 at CAS) 



Figure 3 

BLOCK WRITE EXAMPLE 


BLOCK WRITE 

If DSF is HIGH when CAS goes LOW, the MT42C8128 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). Each DQ location of the color register is written 
to the four column locations (or any of the four that are 
enabled) in the corresponding DQ bit plane. 

The row is ad dresse d as in a normal DRAM WRITE cycle. 
However when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQ1, 2, 3, 
and 4) are then used to determine what combination of the 
four column locations will be changed. The table on this 


page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 


INPUTS 

COLUMN ADDRESS CONTROLLED 

AO 

A1 

DQ1 

o n 

0 

DQ2 

1 

0 

DQ3 

0 

1 

DQ4 

1 

1 
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NONPERSISTENT MASKED BLOCK WRITE 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal 
NONPERSISTENT MASKED WRITE except the mask is 
now applied to four column locations instead of just one. 

Like NONPERSISTENT MASKED WRITE, th ecomb ina- 
tion of ME /(WE) LOW and DSF LOW when RAS goes 
LOW initiates a NONPERSISTENT MASK cycle. The DSF 
pin must be driven HIGH when CAS goes LOW, to perform 
a NONPERSISTENT MASKED BLOCK WRITE. Using the 
column mask input and MASKED WRITE function allows 
any combination of the eight bit planes or four column 
locations to be masked. 

PERSISTENT MASKED BLOCK WRITE 

This cycle is also performed exactly like the normal 
PERSI STEN T MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE 
function. Both the mask data register and the color register 
must be loaded with the appropriate data prior to starting 
a PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 

The LOAD MASK REGISTER operation and timing are 
identi cal to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As sh o wn i n the Truth Table, the 
comb inatio n of TR/(OE), ME/(WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a LOAD REGIS- 


TER cycle. DSF is used when CAS^ goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 

register is disabled but not modified. The mask data 
register contents will not be changed unless a NON- 
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER 

The LOAD COLOR REGISTER cycle is identical to the 
LOA D MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

TRANSF ER op erations are initiated w hen T R/(O E) is plished two ways. If the transfer is to be synchronized with 

LOW then RAS goes LOW. The state of (ME)/ WE when SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 

RAS goes LOW indicates the direction of the TRANSFER HIGH after CAS goes LOW. If the transfer does not ha ve to 

(to or from the DRAM), and DSF is used to select between be synchronized with SC (R EAD TRANSFER), TR/(OE) 

NORMAL TRANSFER, SPLIT READ TRANSFER, and AL- may go HIGH before CAS goes LOW (refer to the AC 

TERNATE WRITE TRANSFER cycles. Each of the TRANS- Timing Diagrams) . The 2,048 bits of DRAM data are written 

FER cycles available is described below. into the SAM data registers and the serial shift start address 

is stored in an internal 8-bit register. QSF will be LOW if 
READ TR ANS FER (DRAM-TO-S AM TRAN S FER) , access is from the lower half (addresses 0 through 127), and 

If (ME) /WE is HIGH and DSF is LOW when RAS goes HIGH if access is from the upper half (128 through 255). If 

LOW, a READ TRANSFER cycle is selected. The row ad- SE is LOW, the first bits of the new row data will appear at 

dress bits indicate the eight 256-bit DRAM row planes that the serial outputs with the first SC clock pulse. SE enables 

are to be transferred to the eight SAM data register planes. the serial outputs and may be either HIGH or LOW during 

The column address bits indicate the start address (or Tap this operation. The SAM address pointer will increment 

address) of the serial output cycle from the SAM data with the_SC LOW-to-HIGH transition, regardless of the 

registers. CAS must fall for every TRANSFER in order to state of SE. Performing a READ TRANSFER cycle sets the 

load a valid Tap address. A read transfer may be accom- direction of the SAM I/O buffers to the output mode. 


i 



(NORMAL) READ TRANSFER 

1 SPLIT READ TRANSFER , 

, (OPTIONAL) , 


1 SPLIT READ TRANSFER 

FROM: ROW 0 

, FROM: ROW 0 J 

SERIAL OUTPUT 

, FROM: ROW 1 

TO: FULL SAM 

! TO: UPPER SAM, 

SWITCHES FROM 

, TO: LOWER SAM, 

SAM I/O IS SET TO OUTPUT 

, TAP ADDRESS = 4 , 

LOWER SAM TO 

. TAP ADDRESS = 0 TO 127 

MODE AND SERIAL OUTPUT 

j SERIAL OUTPUT FROM , 

UPPER SAM (QSF 

« SERIAL OUTPUT FROM 

FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

1 LOWER SAM CONTINUES , 

i i 

GOES HIGH) 

, UPPER SAM CONTINUES 

i (QSF REMAINS HIGH) 


Figure 4 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFE R cyc le and therefore is independent of the 
rising edges of RAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. A SPLIT READ 
TRANSFER does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre- 
cede any sequence of SPLIT READ TRANSFER cycles to 
provide a reference to which half of the SAM the access will 
begin, and to set SAM I/O direction. Then SPLIT READ 
TRAN SFERS maybe initiated by taking DSF HIGH when 
RAS goes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, AO- A6, is used to 
input the SAM Tap address. Address pin A 7 is a "don't care" 
when the Ta p add ress is loaded at the HIGH-to-LOW 
transition of CAS. It is internally generated so that the 
SPLIT TRANSFER will be to the SAM half not currently 
being accessed. 


Figure 4 shows a typical SPLIT READ TRANSFER 
initiation sequence. The normal READ TRANSFER is first 
performed, followed by a SPLIT READ TRANSFER of the 
same row to the upper half of the SAM. The SRT to the upper 
half is optional, it is only needed if the Tap for the upper half 
is * 0. Serial access continues, and when the SAM address 
counter reaches 127 ("A7" = 0, A0-A6 = 1) the new Tap 
address is loaded for the next half ("A 7" = 1, A0-A6 = Tap) 
and the QSF output goes HIGH. Once the serial access has 
switched to the upper SAM, new data maybe transferred to 
the lower SAM. The controller must wait for the state of QSF 
to change and then the new data may be transferred to the 
SAM half not being accessed. For example, the next step in 
Figure 4 would be to wait until QSF went LOW (indicating 
that row-1 data is shifting out of the lower SAM) and then 
transfer the upper half of row 1 to the upper SAM. If the half 
boundary is reached, before an SRT is done for the half, a Tap 
address of "0" will be used. Access will start at 0 if going to 
the lower half, and 128 if going to the upper half. See 
Figure 5. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

The operation of the WRITE TRANSFER is identical to 
that of the READ TRANSFER describ ed pre viously except 
(ME)/ WE and SE must be LOW when RAS goes LOW. The 
row address indicates the DRAM row to which the SAM 
data registers will be written. The column address (Tap) 
indicates the starting address of the next SERIAL INPUT 
cycle for the SAM data registers. A WRITE TRANSFER 
changes the direction of the SAM I/O buffers to the input 
mode. QSF is LOW if access is to the lower half of the SAM, 
and HIGH if to access the upper half. 


0 


LOWER HALF 



UPPER HALF 


| NO SRT 

! 

| 

NO SRT 

1 

TAP 

127 

128 


255 








! t 

Start Split 




Figure 5 

SPLIT SAM TRANSFER 
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of the SAM port from output to input without 
performingaWRITE TRANSFER cycle. APSEUDO WRITE 
TRANSFER cycleisaWRITE TRANSFER cycle withSEheld 
HIGH instead of LOW. The DRAM data will not be dis- 
turbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH _and (ME) /WE is LOW when RAS goes LOW, 
allowing SE to be a "don't care." This allows the outputs to 
be disabled using SE during a WRITE TRANSFER cycle. 
ALTERNATE WRITE TRANSFER will change the SAM 
I/O direction to an input condition. 

SERIAL INPUT AND SERIAL OUTPUT 

The control inputs for SERIAL INPUT and SERIAL OUT- 
PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/ output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 8-bit port. SE is 
used as an output enable during the SAM output operation. 
The serial address is automatically incremented with every 
SC LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 


and will wrap around (after count 127 or 255) to the Tap 
address of the next half, for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 255) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi- 
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 

After Vcc is at specified operating conditions, for lOOps 
minimum, eight RAS cycles must be executed to initi alize 
the dy nami c memory array. Micron recommends that RAS 
= (TR) / OE > Vih during power up to ensure that the DRAM 
I/O pins (DQs) are in a High-Z state. The DRAM array will 
contain random data. 

The SAM portion of the MT42C8128 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/Ojpins (SDQs) will be 
High- Z, regardless of the state of SE. The mask and color 
register will contain random data after power-up. QSF 
initializes in the LOW state. 
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TRUTH TABLE 


CODE 

FUNCTION 

HAS FALLING EDGE 

CAS FALL 

A0-A8 1 

DQ1-DQ8 2 

REGISTERS 

cas |tr/cf me/wf| DSF | SI 

DSF 

HAS |CA5,A8=X 

HAS |CA5,WF 

MASK 

COLOR 

DRAM OPERATIONS j 

GBR 

CAS-BEFORE-RAS REFRESH 

0 

X 

X 

X 

X 

X 

- 

X 

- 

X 

X 

X 

ROR 

RAS-ONLY REFRESH 

i 

1 

X 

X 

X 

— 

ROW 

— 

X 

— 

X 

X 

RW 

NORMAL DRAM READ OR WRITE 

i 

1 

1 

0 

X 

0 

ROW 

COLUMN 

X 

VALID 

X 

X 

RWNM 

NONPERSISTENT (LOAD AND USE) MASKED 

WRITE TO DRAM 

i 

1 

0 

0 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 
USE 

X 

RWOM 

PERSISTENT (USE REGISTER) MASKED 

WRITE TO DRAM 

i 

1 

0 

1 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

X 

BW 

BLOCK WRITE TO DRAM (NO DATA MASK) 

i 

1 

1 

0 

X 

1 

ROW 

COLUMN 

(A2-A7) 

X 

COLUMN 

MASK 

X 

USE 

BWNM 

NONPERSISTENT (LOAD & USE) MASKED 

BLOCK WRITE TO DRAM 

i 

1 

0 

0 

X 

1 

ROW 

COLUMN 

WRITE 

MASK 

COLUMN 

MASK 

LOAD & 
USE 

USE 

BWOM 

PERSISTENT (USE MASK REGISTER) MASKED BLOCK 

WRITE TO DRAM 

i 

1 

0 

1 

X 

1 

ROW 

COLUMN 

(A2-A7) 

X 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS j 

LMR 

LOAD MASK REGISTER 

1 

1 

1 

1 

X 

0 

ROW 4 

X 

X 

WRITE 

MASK 

LOAD 

X 

LCR 

LOAD COLOR REGISTER 

i 

1 

1 

1 

X 

1 

ROW 4 

X 

X 

COLOR 

DATA 

X 

LOAD 

TRANSFER OPERATIONS j 

RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

i 

0 

1 

0 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

i 

0 

1 

1 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 

WT 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

i 

0 

0 

0 

0 

X 

ROW 

TAP 5 

X 

X 

X 

X 

PWT 

PSEUDO WRITE TRANSFER (SERIAL-INPUT- MODE ENABLE) 

i 

0 

0 

0 

1 

X 

ROW 4 

TAP 5 

x 

X 

X 

X 

AWT 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

i 

0 

0 

1 

X 

X 

ROW 

TAP 5 

X 

X 

X 

X 


NOTE: 1 . These columns show what must be present on the A0-A8 inputs when RA S falls and A0-A7 wh en G AS falls. 

2. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS falls. 

3. On WRITE cycles (except BLOCK WRITE), the input data is latched at the falling edge of CAS or M E/WE, 
wh i che ver is later. Similarly, on READ cycles, the output data is activated at the falling edge of CAS or 
TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

5. This is the SAM location that the first SC cycle will access. For split SAM transfers, the Tap will be the first 
address location accessed of the “new” SAM half after the boundary of the current half is reached (127 for 
lower half, 255 for upper half). 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1 W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C <T a < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 



DC ELECTRICAL CHARACTERISTICS 

(0°C < T A < 70°C; Vcc = 5V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

Any input (0V < Vin < Vcc); all other pins not under test = 0V 

I.L 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0V < Vout < Vcc) 

loz 

-10 

10 

PA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.5mA) 

VOH 

2.4 

■ 

V 

1 

VOL 


0.4 

V 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ, SDQ 

Ci/o 


9 

PF 

2 

Output Capacitance: QSF 

Co 


9 

PF 

2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C < T A < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

95 

85 

75 

mA 

3,4 

26 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

85 

75 

65 

mA 

3,4 

27 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN); other inputs > Vih or < Vil) 

ICC3 

8 

8 

8 

mA 

4 

STANDBY CURRENT: CMOS INPUT LEVELS (MT42C8128 L only) 

(RAS = CAS > Vcc -0.2V, other inputs > Vcc -0.2V or < 0.2V) 

ICC4 

500 

500 

500 

pA 

4 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC5 

95 

85 

75 

mA 

3, 26 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS = Cycling) 

ICC6 

95 

85 

75 

mA 

3,5 

REFRESH CURRENT: BATTERY BACKUP (BBU) MT42C8128 L only 
Average power supply current during BATTERY BACKUP refresh: 

CAS < 0.2V or CAS-BEFORE-RAS cycling; RAS = *RAS (MIN) to 

300ns; ME/WE, A0-A8 and DQs > Vcc - 0.2V or < 0.2 V (DQs may be left 
open), X RC = 62.5jlis (512 rows at 62.5ps = 32ms) 

ICC7 

600 

600 

600 

pA 

3,5 

SAM/DRAM DATA TRANSFER 

ICC8 

105 

95 

90 

mA 

3 


CURRENT DRAIN, SAM ACTIVE (‘SC = MIN) 


(0°C < T A < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC9 

150 

130 

120 

mA 

3, 4, 
26 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

Iccio 

140 

120 

110 

mA 

3,4, 

27 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN); other inputs > Vih or < Vil) 

Icci 1 

55 

45 

45 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC12 

150 

130 

120 

mA 

3,4, 

26 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICCI 3 

150 

130 

120 

mA 

3, 4, 5 

SAM/DRAM DATA TRANSFER 

ICC14 

160 

130 

125 

mA 

3,4 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C <T A < +70°C; Vcc = 5V ±10%) 

I AC CH ARACTE RISTICS I I ^7 | 5 I 

IETER 

| Random REAP or WRITE cycle time 

READ-MOP1FY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 


Access time from column address 


Access time from CAS precharge 


RAS pulse width 


RAS pulse width (FAST PAGE MODE) 


RAS precharge time 


CAS pulse width 


CAS precharge time 


RAS to CAS delay time 


Row address hold time 


RAS to column 
address delay time 


Column address setup time 


Column address hold time 


Column address hold time 
(referenced to RAS) 


Colum n address to 

RAS lead time 

Read command setup time 


Read command hold time 
(referenced to CAS) 


Read command hold time 
(referenced to RAS) 


CAS to output in Low-Z 
Output buffer turn-off delay 


Output disable 


Output disable hold time from start of WRITE 


OE LOW to RAS HIGH delay time 



*RP I 50 


‘CAS 20 


*CP 10 


IBBI 


80 


10 


50 20 


10,000 25 10,000 


100 


10 


20 75 


10 


0 
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DRAM TIMING PARAMETERS (continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


- 

7 

_ -8 1 

-10 



PARAMETER 

SYM 

n 

MAX 

— 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 


0 


0 


0 


ns 

21 

Write command hold time 

'WCH 



15 


15 


ns 


Write command hold time 

*WCR 

45 


55 


70 


ns 









■ ■ . .; 





15 


15 


15 


ns 


Write command to RAS lead time 

'RWL 

20 


20 


20 


ns 


Write command to CAS lead time 

*CWL 

20 


20 


20 


ns 


Data-in setup time 

•DS 

0 




0 


ns 

22 

Data-in hold time 

•dh 

15 


15 


15 


ns 

22 

Data-in hold time 

*DHR 

45 


55 


65 


ns 


(referenced to RAS) 










RAS to WE delay time 

t RWD 

90 


100 


130 


ns 

21 

Column address 

*AWD 

55 


65 


75 


ns 

21 

to WE delay time 










CAS to WE delay time 

12201 

40 


45 


55 


ns 

21 

Transition time (rise or fall) 

m 

3 


3 

35 

3 

35 

ns 

9, 10 

Refresh period (512 cycles) 

9 




8(32) 


8(32) 

ms 

29 

RAS to CAS precharge time 

l RPC 

0 


0 


0 


ns 


CAS setup time 

*CSR 

10 

■ ■ 

10 


10 


ns 

5 

(CAS-BEFORE-RA5 REFRESH) 



■ 







CAS hold time 

•CHR 

10 


10 


10 


ns 

5 

(CAS-BEFORE-RAS REFRESH) 










ME/WE to RAS setup time 

*WSR 

0 


0 


0 


ns 


ME/WE to RAS hold time 


15 


15 


15 


ns 


Mask Data to RAS setup time 

'MS 

0 


0 


0 


ns 


Mask Data to RAS hold time 

*MH 



15 


15 


ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TR/(OE) LOW to RAS setup time 

'TLS 

o 


0 


0 


ns 


TR/(OE) LOW to RAS hold time 

^LH 

15 

10,000 

15 

10,000 

15 

10,000 

ns 


TR/(OE) LOW to RAS hold time 

*RTH 

65 

10,000 

70 

10,000 

80 

10,000 

ns 


(REAL-TIME READ-TRANSFER only) 










TR/(OE) LOW to CAS hold time 

l CTH 

25 


25 


25 


ns 


(REAL-TIME READ-TRANSFER only) 










TR/(OE) HIGH to SC lead time 

tTSL 

5 


5 


5 


ns 


TR/(OE) HIGH to RAS precharge time 

Trp 

50 


60 


70 


ns 


TR/(OE) to precharge time 

Trw 

20 


20 


30 


ns 


First SC edge to 

l TSD 

15 


15 


15 


ns 


TR/(OE) HIGH delay time 










Serial output buffer turn-off 

^DZ 

7 

40 

7 

40 

7 

40 

ns 


delay from RAS 










SC to RAS setup time 

l SRS 

25 


30 


30 


ns 


Serial data input to SE delay time 

l SZE 

0 


0 


0 


ns 


Serial data input delay from RAS 

tSDD 

50 


50 


50 


ns 


Serial data input to RAS delay time 

•szs 

0 


0 


0 


ns 


Serial-input-mode enable 

l ESR 

0 


0 


0 


ns 


(SE) to RAS setup time 










Serial-input-mode enable 

*REH 

15 


15 


15 


ns 


(SE) to RAS hold time 










TR/(OE) HIGH to RAS setup time 

l YS 

0 


0 


0 


ns 


TR/(OE) HIGH to RAS hold time 

l YH 

15 


15 


15 


ns 


DSF to RAS setup time 

l FSR 

0 


0 


0 


ns 


DSF to RAS hold time 

l RFH 

15 


15 


15 


ns 


SC to QSF delay time 

l SQD 


30 


30 


30 

ns 


SPLIT TRANSFER setup time 

'STS 

25 


30 


30 


ns 


SPLIT TRANSFER hold time 

t STH 

0 


0 


0 


ns 


RAS to QSF delay time 

*RQD 


75 


75 


75 

ns 


DSF to RAS hold time 

*FHR 

45 


60 


65 


ns 


DSF to CAS setup time 

'FSC 

0 


0 


0 


ns 


DSF to CAS hold time 

X CFH 

15 


15 


20 


ns 


TR/OE to QSF delay time 

X TQD 


25 


25 


25 

ns 


CAS to QSF delay time 

'CQD 


35 


35 


35 

ns 


RAS to first SC delay 

tRSD 

80 


80 


80 


ns 


CAS to first SC delay 

'CSD 

30 


30 


30 


ns 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5V +10%) 


AC CHARACTERISTICS 


: -7 

-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

‘sc 

25 


30 


30 


ns 


Access time from SC 

'SAC 


22 


25 


27 

ns 

24 

SC precharge time (SC LOW time) 

‘SP 

8 


10 


10 


ns 


SC pulse width (SC HIGH time) 

*SAS 

8 


10 


10 


ns 


Access time from SE 

'SEA 


15 


15 


15 

ns 

24 

SE precharge time 

‘SEP 

20 


20 


20 


ns 


SE pulse width 

‘SE 

20 


20 


20 


ns 


Serial data-out hold time after 

SC high 

'SOH 

5 


5 


5 


ns 

24 

Serial output buffer turn-off 
delay from SE 

‘SEZ 

3 

12 

3 

12 

3 

12 

ns 

20, 24 

Serial data-in setup time 

‘SDS 

0 


0 


0 


ns 


Serial data-in hold time 

‘SDH 

10 


10 


10 


ns 


Serial input (Write) Enable 
setup time 

‘SWS 

0 


0 


0 


ns 


Serial input (Write) Enable 
hold time 

‘SWH 

15 


15 


15 


ns 


Serial input (Write) disable 
setup time 

‘SWIS 

0 


0 


0 


ns 


Serial input (Write) disable 
hold time 

‘SWIH 

15 


15 


15 


ns 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on I/O loading. Specified values are 
obtained with minimum cycle time and the I/Os 
open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOjis is required after power-up 
followed by any eight RAS cycles bef ore pro per 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume t T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). Input signals transition between 0V and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ8) is 
H igh-Z . 

12. If CAS = Vil, DRAM data output (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 1 TTL gate and 50pF. Output reference levels: 
Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < t RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

15. A ssum es that tRCD > tRCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOD, tOFF and tSEZ define the time when the output 
achieves open circuit (Voh -200mV, Vol +200mV). 

This parameter is sampled and not 100% tested. 

21. tWCS, tRWD, *AWD and tCWD are restrictive 

operating parameters in LATE-WRITE, READ-WRITE 
and READ-MODIFY-WRITE cycles only. If tWCS > 
tWCS (MIN), the cycle is an EARLY- WRITE cycle and 
the data output will remain an open c ircu it through- 
out the entire cycle, regardless of TR/ OE. If hVCS < 
tWCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If tRWD > tRWD 
(MIN), l AWD > tAWD (MIN) and tCWD > tCWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME /WE leading edge in 
LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 

HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and tOEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

26. Address (A0-A8) may be changed two times or less 
while RAS = Vil. 

27. Address (A0-A8) may be changed once or less while 
CAS = Vih and RAS = Vil. 

28. *SAC is MAX at 70° C and 4.5V Vcc; 'SOH is MIN at 
0°C and 5.5V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature 
t SOH = *SAC - output transition time, this is guaran- 
teed by design. 

29. Values in parenthesis apply to the "L" version. 
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DRAM FAST-PAGE-MODE READ CYCLE 




NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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WRITE CYCLE FUNCTION TABLE 1 



LOGIC STATES 


RAS Falling Edge 

CAS Falling Edge 

FUNCTION 

A 

B 

c 

D 

E* 


ME/WE 

DSF 

DQ (Input) 

DSF 

DQ (Input) 

Normal DRAM WRITE (or READ) 

1 

0 

X 

0 

DRAM Data 

NONPERSISTENT (Load and Use) 

MASKED WRITE to DRAM 

0 

0 

Write 

Mask 

0 

DRAM 

Data (Masked) 

PERSISTENT (Use Register) 

MASKED WRITE to DRAM 

0 

1 

X 

0 

DRAM 

Data (Masked) 

BLOCK WRITE to DRAM (No Data Mask) 

1 

0 

X 

1 

Column Mask 3 

NONPERSISTENT (Load and Use) 

MASKED BLOCK WRITE to DRAM 

0 

0 

Write 

Mask 

1 

Column 

Mask 3 

PERSISTENT (Use Register) 

MASKED BLOCK WRITE to DRAM 

0 

1 

X 

1 

Column 

Mask 3 

Load Mask Register 

1 

1 

X 

0 

Write Mask 

Load Color Register 

1 

1 

X 

1 

Color Data 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for the WRITE cycle 
timin g diagrams on the following pages. 

2. CAS or ME/WE, whichever occurs later (except for BLOCK WRITE). 

3. WE = “don’t care” for BL OCK WR ITE. The DQ column-mask data will be latched at the falling edge of CAS, 
regardless of the state of ME/WE. 
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DRAM EARLY-WRITE CYCLE 1 







NOTE: 1 . The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Tabl e for a de tailed description. 

2. For BLOCK WRITE, ME/WE = “don’t care.” For all other EARLY-WRITE cycles, ME/WE = LOW. 
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DRAM LATE-WRITE CYCLE 



NOTE: The logic states of “A”, “B”, “C” and “E” determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 


MT42C81 28 
REV. 4/92 


5-65 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


9 MULTIPORT DRAM 



MICRON 

B TECHNOLOGY. INC. 


MT42C8128 
128Kx8 VRAM 



DRAM READ-WRITE CYCLE 

(READ-MODIFY-WRITE CYCLE) 

l RWC 


tRAS 

>1 

col 

<< 

1 1 



l CSH 

I tCRP 

X RCD 

tRSH 

tCAS 




CAS v|l_ f 

■ V) 



J AR 



*RAD 

tRAL 

, tASR 

l RAH t ASC 

tCAH 




^DDR ROW M////H. COLUMN 




tr/oe v!, H ; 


tYS IIWH 


L 


. valid d 0UT7! 

t != ; 



DON’T CARE 
UNDEFINED 


NOTE: The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 


‘RASP 



NOTE; 1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in 
FAST PAGE MODE. 

2. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 



NOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” and “C” determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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DRAM EE5-ONLY REFRESH CYCLE 

(ADDR = A0-A8) 

l RC 



*RAS 


l RP 





RAS v|f: ' 


1 

\ 

'CRP 


'RPC 

1 


CAS vj^Z / 

1 A. 

/ 


CA5-BEF0RE-RAS REFRESH CYCLE 



DON’T CARE 
UNDEFINED 
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DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 



NOTE: AHIDDEN REFRESH may also be performed_atoa WRITE or TRANSFER cycle. In the WRITE case, 

ME/ WE = LO W (when CAS goes LOW) and TR/OE = HIGH and the DQ pins stay High-Z. In the TRANSFER 
case, TR/OE = LOW (when RAS goes LOW) and the DQ pins stay High-Z during the refresh period, regardless 
ofTR/OE. 
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READ TRANSFER * 

(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode or SC idle) 



NOTE: 1 . There must be no rising edges on the SC input during this time period. ™ undefined 

2. QSF - 0 when the Lower SAM (bits 0-1 27) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

3. If ^LH is timing for the TR/(OE) risin g edge, the transfer is self-timed and the *CSD and t RSD times must be 
met. If tRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
^SD must be met. 
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REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



NOTE: 1 . The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-1 27) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 


I DON’T CARE 
I UNDEFINED 
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WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



Y/A DON’T CARE 

NOTE: 1 . If SE is LOW, the SAM data will be transferred to the DRAM. S3 UNDEFINED 

IfSE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle). 

2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF =s 1 when the Upper SAM (bits 128-255) is being accessed. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



1 . SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-1 27) is being accessed. 

QSF = 1 when the Upper SAM (bits 1 28-255) is being accessed. 
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ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 



Y7A DON’T CARE 

NOTE: 1 . SE must be LOW to input new serial data, but the serial address register E8 undefined 

is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF a 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 1 28-255) is being accessed. 
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VRAM 256K x 8 DRAM 

WITH 512 x 8 SAM 


FEATURES 

• Industry standard pinout, timing, and functions 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL compatible 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh within 8ms 

• FAST PAGE MODE 

• Dual port organization: 256K x 8 DRAM port 

512 x 8 SAM port 

• No refresh required for serial access memory 

• Low power: lOmW standby; 300mW active, typical 

• Fast access times - 70ns random, 22ns serial 

SPECIAL FUNCTIONS 

• NONPERSISTENT MASKED WRITE 

• BLOCK WRITE 

• SPLIT READ TRANSFER 

OPTIONS MARKING 

• Timing [DRAM, SAM (cycle/access)] 

70ns, 25 /22ns - 7 

80ns, 30/25ns - 8 

• Packages 

Plastic SOJ (400 mil) DJ 

Plastic TSOP (400 mil) TG 

Plastic TSOP (400 mil) reverse pinout RG 


GENERAL DESCRIPTION 

The MT42C8255 is a high speed, dual port CMOS dy- 
namic random access memory or video RAM (VRAM) 
containing 2,097,152 bits. These bits may be accessed by an 
8-bit wide DRAM port or by a 512 x 8 bit serial access 
memory (SAM) port. Data may be transferred from the 
DRAM to the SAM. 

The DRAM portion of the VRAM is functionally 
identical to the MT4C4256 (256K x 4-bit DRAM), with the 
addition of MASKED WRITE and BLOCK WRITE. Eight 
512-bit data registers make up the serial access memory 
portion of the VRAM. Data I/O and internal data transfer 
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are accomplished using three separate data paths: the 8-bit integrity. An internal transfer between the DRAM and the 

random access I/O port, the eight internal 512-bit wide SAM counts as a refresh cycle. The SAM portion of the 

paths between the D&AV1 and the SAM, and the 8-bit serial VRAM is fully static and does not require any refresh, 
output port for the SAM. The rest of the circuitry consists of The operation and control of the MT42C8255 are 

the control, timing, and address decoding logic. optimized for high performance graphics and communica- 

Each port may be operated asynchronously and indepen- tion designs. The dual port architecture is well suited to 

dently of the other except when data is being transferred buffering the sequential data used in raster graphics dis- 

internally. As with all DRAMs, the VRAM must be re- play, serial/parallel networking and data communications, 

freshed to maintain data. The refres h cycles must be timed Special features such as SPLIT READ TRANSFER and 

so that all 512 combinations of RAS addresses are executed BLOCK WRITE allow further enhancements to system 

at least every 8ms (regardless of sequence). Micron recom- performance, 
mends evenly spaced refresh cycles for maximum data 


FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

TS0P(TG)PIN 

NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

2 

2 

SC 

Input 

Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

7 

7 

TR/OE 

Input 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H - L), or 

Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW), otherwise the output 
buffers are in a High-Z state. 

13 

15 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS, a 

MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ (ME/WE = H) or 
WRITE (ME/WE = L) cycle when accessing the DRAM and READ 
TRANSFER (ME/WE = H) to the SAM. 

35 

39 

SE 

Input 

Serial Port Enable: SE enables the serial output buffers and allows a 
serial READ operation to occur, otherwise the output buffers are in a 
High-Z state. The SAM address count will be incremented by the 
rising edge of SC when ^E is inactive (HIGH). 

29 

31 

DSF 

Input 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE, SPLIT TRANSFER, 
etc.) are used for a particular access cycle (see Truth Table). 

14 

16 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row-address bits 
and strobe the ME/WE, TR/OE* DSF, SE, CAS and DQ inputs. It also 
acts as the master chip enable, and must fall for initiation of any 

DRAM or TRANSFER cycle. 

27 

29 


Input 

Column Address Strobe: CAS is used to clock-in the 9 column- 
address bits and strobe the DSF input (BLOCK WRITE only). 

25, 24,23, 
22, 19, 18, 
17, 16, 15 

27, 26, 25, 
24,21,20, 
19, 18, 17 

A0-A8 

Input 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, A0 to A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
A0-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
“don’t care” for the start address during SPLIT READ TRANSFER. 

8, 9, 10, 11, 
31,32, 33, 
34 

8,9, 10, 13, 
35, 36, 37, 
38 

DQ1-DQ8 

/ ^ .1 

Input/ 

Output 

DRAM Data I/O: Data input/output for DRAM access cycles: These 
pins also act as inputs for Color Register load cycles, DQ Mask 
and Column Mask for BLOCK WRITE. 

3, 4, 5, 6, 36, 
37, 38, 39 

3, 4, 5, 6, 40, 
41, 42, 43 

SQ1-SQ8 

Output 

Serial Data Out: Output or High-Z. 

26 

28 

QSF 

Output 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-51 1 . 

28 

30 

GND 

- 

No Connect/GND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

1,20 

1, 22 

Vcc 

Supply 

Power Supply: +5V ±1 0% 

12, 21, 

30, 40 

14, 23, 

32, 44 

Vss 

Supply 

Ground 
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MT42C8255 
256K x 8 VRAM 


FUNCTIONAL DESCRIPTION 

The MT42C8255 can be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins , the function not being dis- 

cussed will be surr ounded by parentheses. For ex- 
ample, the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM-based memory, the MT42C8255 VRAM 
must be refreshed to retain data. All 512 row address 
combinations must be accessed within 8ms. The MT42C8255 
supports CAS-BEFORE-RAS, RAS-ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH (CBR) cycle, the 
row addresses are generated and stored in an internal 
address counter. The user need not supply any address 
data, and simply must perform 512 CAS-BEFORE-RAS 
cycles within the 8ms time period. 

The refresh address must be generated externally and 
applied to A0-A8 inputs for RAS-ONLY REF RESH cycles. 
The DQpi ns remai n in a H igh-Z state for both the RAS-ONLY 
and CAS-BEFORE-RAS cycles. 

HI DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) af ter a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C8255 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES (RW) 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 
"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has special functions 
that can be used when writing to the DRAM. 

The 18 address bits that are used to select an 8-bit word 
from the 262,144 available are latched into the chip using 


the A0-A8, RAS and CAS inputs. First, the nine row-ad- 
dress bits are set up on the address inputs and clocked into 
the part when RAS transitions from HIGH-to-LOW. Next, 
the 9 column address bits are set up on the address inputs 
and clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 

VRAM. If RAS is inactive , HIGH, al l other DRAM 
control pins (CAS, TR/OE, ME/WE, etc.) are " don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For single port DRAMS, the OE pin is a "don't c are" w hen 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, TR/(OE) selects between DRAM ac cess or TRANS- 
FER cycles. TR/(OE) must be HIGH at the RAS HIGH-to- 
LOW transition for all DRAM operations (except CAS- 
BEFORE-RAS). * _____ _____ 

A DRAM READ operation is performed if (ME)/ WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory c ells s elected will 
appear at the DQ1-DQ8 port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the VRAM, ME /WE performs two func- 
tions; write mask enable and data write enable. ME/ (WE) 
is used, when RAS goes LOW, to select between a MASKED 
WRITE cycle and a normal WRITE cycle. If ME /(WE) is 
LOW at the RAS HIGH-to-LOW transition, a MASKED 
WRITE operation is selected. For any non-masked DRAM 
acc ess cyc le (READ or WRITE), ME / (WE) must be HIGH at 
the R AS HI GH-to-LOW transition. If (ME)/ WE is LOW 
before CAS goes LOW, a DRAM EARLY-WRITE operation 
is performed and the data present on the DQ1-DQ8 data 
port will be written into the selected memory cells. If (ME) / 
WE goes LOW after CAS goes LOW, a DRAM LATE- 
WRITE operation is performed (refer to the AC timing 
diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ- 
MODIF Y -WRITE, FAST-PAGE-MODE READ, FAST- 
PAGE-MODE WRITE (Late or Early), and FAST-PAGE- 
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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MASKED WRITE (RWM) 

The MASKED WRITE feature eliminates the need for a 
READ-MODIFY-WRITE cycle wh en c h angi ng individual 
bits within t he 8-b it word. When ME /(WE) and DSF are 
LOW at the RAS HIGH-to-LOW transition, a MASKED 
WRITE is performed. 

The MT42C8255 supports the nonpersistent mode of 
MASKED WRIT E. In this mode, mask data must be entered 
with every RAS falling edge. The data (mask data) present 
on the DQ1-DQ8 inputs will be written into the mask data 
register (see Figure 1). The mask data acts as an individual 
write enable for each of the eight DQ1-DQ8 pins. If a LOW 
(logic "0") is written to a mask data register bit, the input 
port for that bit is disabled during the subsequent WRITE 
operation and no new data will be written to that DRAM 


cell location. A HIGH (logic " 1 ") on a mask data register bit 
enables the input port and allows normal WRITE operation 
to proceed. Note that CAS is still HIGH. When CAS goes 
LOW, the bits present on the DQ1 -DQ8 inputs will be either 
written to the DRAM (if the mask data bit is HIGH) or 
ignored (if the mask data bit is LOW). The DRAM contents 
that correspond to masked input bits will not be changed 
during the WRITE cycle. The mask data register is cleared 
at the end of every NONPERSISTENT MASKED WRITE. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAS cycle. 


NONPERSISTENT MASKED WRITE 


NONPERSISTENT MASKED WRITE 


RAS 


CAS 

ME/WE 

DSF 

STORED 

DATA 

_ 1 _ 

_0_ 

A 

_o_ 

i 

T 

T| 


MASK 

0 

1 

0 

1 

0 

1 

0 

1 


INPUT 
X 

0 > 

X 

1 > 

X 

0 > 

X 

0 > 


ADDRESS 0 


STORED 

DATA 


_1_ 



_0_ 

0 



0 

0 



0 

1 



0 

0 



0 

_0_ 



A 

1 



0 

_0_ 



J0_ 


STORED MASK 
DATA (RE-WRITE) 
0 
1 
0 
1 
0 
1 
0 
1 



INPUT 

X 

1 > 

X 

1 > 

X 

0 > 

X 

0 > 


ADDRESS 1 


STORED 
DATA 
0_ 

1 _ 

0_ 

1 _ 

0_ 

0_ 

0_ 

0 


X = NOT EFFECTIVE (DON’T CARE) 


DON’T CARE 


Figure 1 

NONPERSISTENT MASKED WRITE EXAMPLE 
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COLUMN 
(A2-A8 at CAS) 



Figure 2 

BLOCK WRITE EXAMPLE 


BLOCK WRITE (BW) 

If DSF is HIGH when CAS goes LOW, the MT42C8255 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 2). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
is written to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 
However when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQ1, 2, 3, 
and 4) are then used to determine what combination of the 
four column locations will be changed. The DQ inputs are 
"written" at the falling edge of CAS or WE, whichever 
occurs later (see the WRITE cycle waveforms). The table on 
this page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

MASKED BLOCK WRITE (BWM) 

The MASKED WRITE functions may be used during 
BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE except the mask is 
now applied to the 8 bit-planes of 4 column locations 
instead of just one column locat ion. 

Th e combination of ME / (WE) LOW and DSF LOW when 
RAS goes LOW initiates a nonpersistent MASKED WRITE 
cycle. To perform a MASKED BLOCK WRITE, the DSF pin 
must be HIGH when CAS goes LOW. By using both the 
column mask input and the MASKED WRITE function of 
B W, any combination of the eight bit planes may be masked, 
along with any combination of the four column locations. 


INPUTS 

COLUMN ADDRESS CONTROLLED 

AO 

A1 

DQ1 

0 

0 

DQ2 

1 

0 

DQ3 

0 

1 

DQ4 

1 

1 
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LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the 8-bit color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

TRANSFER OPERATIONS 

TRANSFER operation s are initiated w hen TR/(O E) is 
LOW atthe falling edge of RAS. Thestateof (ME)/WEwhen 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER and SPLIT TRANSFER cycles. Each 
of the TRANSFER cycles is described in this section. 


READ TRANSFER (RT) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad- 
dress bits indicate which eight 512-bit DRAM row planes 
are transferred to the eight SAM data register planes. The 
column address bits indicate the start address (or Tap 
address) of th e serial output cycle from the SAM data 
registers. CAS must fall for every RT in order to load a valid 
Tap address. An RT may be accomplished in two ways. If 
the transfer is to be synchronized with the serial clock, SC, 
(REAL-TIME READ TRANSFER), TR/(OE) is taken HIGH 
after CAS goes LOW. The TRANSFER will be made when 
TR/(OE) goes HIGH. If the transfer does not have to be 
synchronized with SC (READ TRANSFER), TR/(OE) may 
go HIGH before CAS goes LOW and the actual data TRANS- 



(NORMAL) READ TRANSFER 

FROM: ROW 0 
TO: FULL SAM 

SAM I/O IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 


I SPLIT READ TRANSFER , 

. (optional) . 

I FROM: ROW 0 I 

I TO: UPPER SAM, I 

I TAP ADDRESS = 6 I 

I SERIAL OUTPUT FROM I 

I LOWER SAM CONTINUES I 


SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 


, SPLIT READ TRANSFER 

1 FROM: ROW 1 

1 TO: LOWER SAM, 

1 TAP ADDRESS = 0 TO 255 

1 SERIAL OUTPUT FROM 

1 UPPER SAM CONTINUES 

1 (QSF REMAINS HIGH) 


J7J\ DON'T CARE 
Ijjjjjj UNDEFINED 


Figure 3 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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FER will be timed internally (refer to the AC Timing Dia- 
grams). During the TRANSFER, 4,096 bits of DRAM data 
are written into the SAM data registers and the Tap address 
is stored in an internal 9-bit register. The split SAM status 
pin (QSF) will be LOW if the Tap is in the lower half 
(addresses 0 through 255), and HIGH if it is in the upper half 
(256 through 511). If SE is LOW, the first bits of the new row 
data will appear at the serial outputs with the first SC clock 
pulse. SE enables the serial outputs and may be either 
HIGH or LOW during this operation. The SAM address 
pointer will increment with the SC LOW-to-HIGH 
transition, regardless of the state of SE. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS- 
FERmustbe done. The REAL-TIME READ TRANSFER has 
to occur between the last clock of "old" data and first clock 
of the "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer is not 
synchronized with the serial clock and may occur at any 
time while the other half is outputing data. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
falling edge of CAS or the rising edge of SC. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 


LOWER HALF 

| NO SRT 1 

0 TAP 255 


Start Split 


A "full" READ TRANSFER cycle must precede any se- 
quence of SRT cycles to provide a reference to which half of 
the SAM the access will begin (the state of QSF) . T hen an SRT 
may be initiated by taking DSF HIGH when RAS goes 
LOW during the TRANSFER cycle. As in nonsplit transfers, 
the row address is used to specify the DRAM row to be 
transferred. The column address, AO- A7, is used to input the 
SAM Tap address. Address pin A8 is a "don't care" when 
the Tap address is loaded at the HIGH-to-LOW transition 
of CAS. It is internally generated in such a manner that the 
SPLIT TRANSFER will automatically be to the SAM half 
not being accessed. 

Figure 3 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need only be done if 
the Tap for the upper half is * 0. Serial access continues, and 
when the SAM address counter reaches 255 (" A8" = 0, A0- 
A 7 = 1) the QSF output goes HIGH, and if an SRT was done 
for the upper half, the new T ap address is loaded for the next 
half ("A8" = 1, A0-A7 = Tap). Once the serial access has 
switched to the upper SAM (QSF has gone HIGH), new data 
may be transferred to the lower SAM. For example, the next 
step in Figure 3 would be to wait until QSF went LOW 
(indicating that row-1 data is shifting out of the lower SAM) 
and execute an SRT of the upper half of row 1 to the upper 
SAM. If the half boundary is reached before an SRT is done 
for the next half, the device will leave split mode and the 
access will start from address 256 if going to the upper half 
or at 0 if going to the lower half (see Figure 4). 


UPPER HALF 

r — NO SRT 1 

256 51 1 


Figure 4 

SPLIT SAM TRANSFER 
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SERIAL OUTPUT 

The control inputs for serial output are SC and SE. The 
rising edge of SC increments the serial address counter and 
provides access to the next SAM location. SE enables or 
disables the serial output buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 8-bitport. SE is used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW-to-HIGH transition, regardless of whether SE is HIGH 
or LOW. The address progresses through the SAM and will 
wrap around (after count 255 or 511) to the Tap address of 
the next half for split modes. If an SRT was not performed 
before the half boundary is reached, the count will progress 
as illustrated in Figure 4, Address count will wrap around 


(after count 511) to Tap address 0 if in the "full" SAM 
modes. 

POWER-UP AND INITIALIZATION 

After Vcc is at specified operating conditions, for IOOjlis 
minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array . Micron recommends that RAS 
= TR/ OE > Vih during power up to ensure that the DRAM 
I/O pins (DQs) are in a High-Z state. The DRAM array will 
contain random data. 

The SAM portion of the MT42C8255 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up with the Output pins (SQs) in 
High- Z, regardless of the state of SE. QSF initializes in the 
LOW state. The color register will contain random data after 
power-up. 
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TRUTH TABLE 


CODE 

FUNCTION 

HAS FALLING EDGE 

CSS FALL 

A0-A8 1 

D01-D08 2 

REGISTER 

css | m/or | wiw\ dsf 

DSF 

RSS | CSS 

RSS |CSS,WP 

COLOR 

DRAM OPERATIONS | 

CBR 

Ca5-before-RaS refresh 

0 

X 

I 6 

1® 

— 

X 

X 

— 

X 

X 

ROR 

RA§ ONLY REFRESH 

i 

1 

X 

X 

— 

ROW 

— 

X 

— 

X 

RW 

NORMAL DRAM READ OR WRITE 

i 

1 

1 

0 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

X 

RWM 

MASKED WRITE TO DRAM (NEW MASK) 

i 

1 

0 

0 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

X 

BW 

BLOCK WRITE TO DRAM 

i 

1 

1 

0 

1 

ROW 

COLUMN 

(A2-A8) 

X 

COLUMN 

MASK 

USE 

BWM 

MASKED BLOCK WRITE TO DRAM (NEW MASK) 

i 

1 

0 

0 

1 

ROW 

COLUMN 

(A2-A8) 

WRITE 

MASK 

COLUMN 

MASK 

USE 

REGISTER OPERATIONS j 

LCR 

LOAD COLOR REGISTER 

i 

1 

i 

1 

1 

ROW 4 

X 

X 

REG 

DATA 

LOAD 

TRANSFER OPERATIONS ( 

RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

i 

0 

1 

0 

X 

ROW 

TAP 5 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

i 

0 

1 

1 

X 

ROW 

TAP 5 

X 

X 

X 


NOTE: 1 . These columns show what must be present on the A0-A8 inputs when RA S falls and when CA S falls . 

2. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS f alls. 

3. During W RITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

ME/WE , whichever is later. Similarly, on READ cycles, the output data is valid after the falling edge of CAS or 
TR/OE, whichever is later. 

4. The ROW that is addressed will be refreshed, but a ROW address is not required. 

5. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 
be the first address location accessed of the “new” SAM half after the boundary of the current half is reached 
(255 for lower half, 51 1 for upper half). 

6. The MT42C8255 does not require a “1” on these pins, but to ensure compatibility with other 2 Meg VRAM 
function sets, it is recommended. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

liJ.vfa 



Supply Voltage 

Vcc 



mm 

i 

Input High (Logic 1) Voltage, All Inputs 

VlH 

mm 

ES231 

V 

i 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

i 


DC ELECTRICAL CHARACTERISTICS 

(0°C <T a < 70°C; Vcc = 5 V ±10%) 


PARAMETER/CONDITION 

SYMBOL 

Ml, 1 11:11 

MAX 

UNITS 


INPUT LEAKAGE CURRENT 

Any input (0V < Vin s Vcc); all other pins not under test = 0V 

lL 

-10 

10 



OUTPUT LEAKAGE CURRENT 
(DQ, SQ disabled, 0V < Vout < Vcc) 

loz 

-10 

10 


■ 

OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 


CAPACITANCE 


PARAMETER 

SYMBOL 

BUI 

MAX 



Input Capacitance: A0-A8 

Cn 



mm 


Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, BE, DSF 

Cl2 


7 

mm 

2 

Jnput/Output Capacitance: DQ, SQ 

Ci/o 


9 



Output Capacitance: QSF 

Co 


9 


2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C < T a < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

120 

110 

mA 

3,4 

25 

OPERATING CURRENT: FAST PAGE MODE 

(RAS = Vil; CAS = Cycling: l PC = X PC (MIN), other inputs > Vih or < Vil) 

ICC2 

110 

100 

mA 

3,4 

26 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN); other inputs > Vih or < Vil) 

ICC3 

10 

10 

mA 

4 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC4 

120 

110 

mA 

3, 25 

REFRESH CURRENT: CAS- BE FORE- RAS 
(RAS and CAS = Cycling) 

ICC5 

120 

. 

110 

mA 

3, 5 

SAM/DRAM DATA TRANSFER 

ICC6 

130 

120 

mA 

3 


CURRENT DRAIN, SAM ACTIVE (*SC = MIN) 


(0°C < T a < 70°C; Vcc = 5V ±1 0%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: <RC ='RC (MIN)) 

ICC7 

170 

160 

mA 

3,4 

25 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC8 

160 

150 

mA 

3,4 

26 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN); other inputs > Vih or <Vil) 

ICC9 

60 

60 

mA 

; 

3,4 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

Iccio 

170 

160 

mA 

3,4 

25 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

Iccii 

170 

160 

mA 

3, 4, 5 

SAM/DRAM DATA TRANSFER 

ICC12 

180 

170 

mA 

3, 4 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C<T A <+70°C; Vcc = 5V±10%) 


AC CHARACTERISTICS 


-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

'RC 

130 


150 


ns 


READ-MODIFY-WRITE cycle time 

l RWC 

175 


190 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

45 


50 

■■■ ; 

ns 


FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

*PRWC 

90 


95 


ns 


Access time from RAS 

*RAC 


70 


80 

ns 

14 

Access time from CAS 

•CAC 


20 


25 

ns 

15 

Access time from (TR)/OE 

'OE 


20 


20 

ns 


Access time from column address 

'AA 


35 


40 

ns 


Access time from CAS precharge 

'CPA 


40 


45 

ns 


RAS pulse width 

'RAS 

70 

20,000 

80 

20,000 

ns 


RAS pulse width (FAST PAGE MODE) 

'RASP 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

t RSH 

20 


25 


ns 


RAS precharge time 

l RP 

50 


60 


ns 


CAS pulse width 

'CAS 

20 

10,000 

25 

10,000 

ns 


CAS hold time 

'CSH 

70 


80 


ns 


CAS precharge time 

'CP 

10 


10 


ns 

16 

RAS to CAS delay time 

*RCD 

20 

45 

20 

55 

ns 

17 

CAS to RAS precharge time 

'CRP 

10 


10 


ns 


Row address setup time 

'ASR 

0 


0 


ns 


Row address hold time 

tRAH 

10 


10 


ns 


RAS to column 
address delay time 

l RAD 

15 

35 

15 

45 

ns 

18 

Column address setup time 

^SC 

0 


0 


ns 


Column address hold time 

l CAH 

15 


15 


ns 


Column address hold time 
(referenced to RAS) 

l AR 

: 45 


55 


ns 


Column address to 

RAS lead time 

*RAL 

35 


40 


ns 


Read command setup time 

l RCS 

o 


0 


ns 


Read command hold time 
(referenced to CAS) 

'RCH 

0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

*RRH 

0 


0 

! . 


ns 

19 

CAS to output in Low-Z 

'CLZ 

3 


3 


ns 


Output buffer turn-off delay from CAS 

l OFF 

3 

20 

! 3 

20 

ns 

20,23 

Output disable delay from (TR)/OE 

'OD 

3 

10 

3 

10 

ns 

20,23 

Output disable hold time from start of WRITE 

l OEH 

10 


10 


ns 

27 

Output Enable to RAS delay 

tROH 

0 


0 


ns 
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DRAM TIMING PARAMETERS (continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A S +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


; -7 . i 


8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

•wcs 

0 


0 


ns 

21 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TR/(OE) LOW to RAS setup time 

*TLS 

0 


0 


ns 


TR/(OE) LOW to RAS hold time 

•tlh 

15 

10,000 

15 

10,000 

ns 


TR/(OE) LOW to RAS hold time 
(REAL-TIME READ-TRANSFER only) 


___ 






TR/(OE) LOW to CAS hold time 
(REAL-TIME READ-TRANSFER only) 


■ 






TR/(OE) HIGH to RAS precharge time 

*TRP 

50 


60 


ns 


TR/(OE) precharge time 

*TRW 

20 


25 


ns 


TR/(OE) HIGH to SC lead time 

l TSL 

5 


5 


ns 


First SC edge to TR/(OE) HIGH 
delay time 

'TSD 

15 


15 


ns 


SC to RAS setup time 

•SRS 

25 


30 


ns 


TR/(OE) HIGH to RAS setup time 

*YS 

0 


0 


ns 


TR/(OE) HIGH to RAS hold time 

*YH 

15 


15 


ns 


DSF to RAS setup time 

'FSR 

0 


0 


ns 


DSF to RAS hold time 

tRFH 

15 


15 


ns 


SC to QSF delay time 

'SQD 


25 


30 

ns 


SPLIT TRANSFER setup time 

*STS 

25 


30 


ns 


SPLIT TRANSFER hold time 

'STH 

0 


0 


ns 


DSF (at CAS LOW) to RA§ hold time 

t FHR 

50 


55 


ns 


DSF to CAS setup time 

*FSC 

0 


0 


ns 


DSF to CAS hold time 

l CFH 

15 


15 


ns 


TR/OE to QSF delay time 

TQD 


25 


25 

ns 


RAS to QSF delay time 

*RQD 


75 


75 

ns 


CAS to QSF delay time 

*CQD 


35 


35 

ns 


RAS to first SC delay 

! RSD 

80 


80 


ns 


CAS to first SC delay 

l CSD 

30 


30 


ns 



« 
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SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


1 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

X SC 

25 


30 


ns 


Access time from SC 

'SAC 


22 


25 

ns 

24, 28 

SC precharge time (SC LOW time) 

4 SP 

8 


10 


ns 


SC pulse width (SC HIGH time) 

l SAS 

8 


10 


ns 


Access time from SE 

'SEA 


15 


15 

ns 

24 

SE precharge time 

l SEP 

10 


10 


ns 


SE pulse width 

X SE 

10 


10 


ns 


Serial data-out hold time after 

SC high 

'SOH 

5 


5 


ns 

24, 28 

Serial output buffer turn-off 
delay from SE 

X SEZ 

3 

12 

3 

12 

ns 

20, 24 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%, f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 8ms refresh 
requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). Input signals transition from 0 to 3V for AC 
testing. 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ8) is 
H igh-Z . 

12. If CAS = Vil, DRAM data output (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 1 TTL gate and 50pF. Output reference levels: 
Voh = 2.0V; VOL = 0.8V. 

14. Assumes that *RCD < f RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, *RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that 4 RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CP. 

17. Operation within the f RCD (MAX) limit ensures that 
tRAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified ‘RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the t RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. *00, tOFF and tSEZ define the time when the output 
achieves open circuit (Voh -200m V, Vol +200mV). 
This parameter is sampled and not 100% tested. 

21. HVCS, f RWD, *AWD and *CWD are restrictive 
operating parameters in LATE -WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If HVCS > 
HVCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/OE. If hVCS < 
tWCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If f RWD > *RWD 
(MIN), *AWD > *AWD (MIN) and l CWD > *CWD 
(MIN), the cycle is a READ- WRITE, and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if tOD and { OEH are met. See the LATE-WRITE 
AC Timing diagram. 

These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME /WE leading edge in 
LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 

HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. Address (A0-A8) may be changed two times or less 
while RAS = Vil. 

26. Addr ess (A0-A 8) ma y be changed once or less while 
CAS = Vih and RAS = Vil. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have l OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after tQEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. tSAC is MAX at 70° C and 4.5V Vcc; tSOH is MIN at 
0°C and 5.5V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
(*SOH = t SAC - output transition time); this is 
guaranteed by design. 


22 . 
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256K x 8 VRAM 


DRAM FAST-PAGE-MODE READ CYCLE 



[jjjjjjl UNDEFINED 


NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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WRITE CYCLE FUNCTION TABLE 1 



LOGIC STATES 


RAS Falling Edge 

CA$ Falling Edge 

FUNCTION 

A 

B 

c 

0 

E 2 


ME/WE 

DSF 

DQ (Input) 

DSF 

DQ (Input) 

Normal DRAM WRITE 

1 

0 

X 

0 

DRAM Data 

MASKED WRITE to DRAM 

0 

0 

Write Mask 

0 

DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 

1 

0 

X 

1 

Column Mask 

MASKED BLOCK WRITE to DRAM 

0 

0 

Write Mask 

1 

Column Mask 

Load Color Register 

1 

1 

X 

1 

Color Data 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for the WRITE cycle 
timin g d iagrams on the following pages. 

2. CAS or ME/WE falling edge, whichever occurs later. 
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DRAM EARLY-WRITE CYCLE 1 



NOTE: 1 . The logic states of “A", “B", “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function T able for a detailed description. 
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DRAM LATE-WRITE CYCLE 



TR/OE vJl! 


DON’T CARE 


! UNDEFINED 


NOTE: The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM READ-WRITE CYCLE 

(READ-MODIFY-WRITE CYCLE) 



NOTE: The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 


l RASP 



NOTE: 1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 



MOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” , “C” and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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PRELIMINARY 



RON 


MT42C8255 
256K x 8 VRAM 


CS5-BEF0RE-Tf*5 REFRESH CYCLE 



^ DON’T CARE 
Ejjjjjl UNDEFINED 


OTE: 1 . The MT42C8255 operates with W/WE and DSF = “don’t care,” but to ensure compatibility with all 
2 Meg VRAM feature sets, it is recommended that they be HIGH (“1 ”). 
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DRAM HIDDEN-REFRESH CYCLE 


(READ) 


(REFRESH) 




¥ 77 \ DON’T CARE 



UNDEFINED 


NOTE: 1 . A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case, ME/WE = 
LOW (when CAS goes LOW) and TR/OE = HIGH. In the TRANSFER case, TR/OE = LOW (when RAS goes 
LOW) and the DO pins stay Hig h-Z duri ng the refresh period, regardless of TR/OE. 

2. The MT42G8255 operates with ME/WE and DSF = “don’t care”, but to ensure compatibility with all 
2 Meg VRAM feature sets, it is recommended that they be HIGH (“1”). 
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READ TRANSFER 3 
(DRAM-TO-SAM TRANSFER) 

(When serial part was previously High-Z or SC idle) 



IOTE: 1 . There must be no rising edges on the SC input during this time period. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-51 1) is being accessed. 

3. If { TLH is timing for the TR/(OE) risin g edge, the transfer is self-timed and the l CSD and *RSD times must be 
met. If t RTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
tTSD must be met. 
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REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 



NOTE: 1 . The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF - 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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SAM SERIAL OUTPUT 



[$$ UNDEFINED 
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VRAM 256K x 8 DRAM 

WITH 512x8 SAM 


FEATURES 

• Industry standard pinout, timing, and functions 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL and CMOS 
compatible 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh within 8ms 

• FAST PAGE MODE access with Extended Data Out 

• Dual port organization: 256K x 8 DRAM port 

512 x 8 SAM port 

• No refresh required for serial access memory 

• Low power: lOmW standby; 300mW active, typical 

• Fast access times - 70ns random, 15ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Mandatory Function set 

• PERSISTENT MASKED WRITE 

• MASKED WRITE TRANSFER/SERIAL INPUT 

• MASKED SPLIT WRITE TRANSFER 

• BLOCK WRITE (MASK) 

• MASKED FLASH WRITE 

• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 

• Timing [DRAM, SAM (cycle/access)] 

70ns, 18/ 15ns -7 

80ns, 25 /20ns - 8 

• Packages 

Plastic SOJ (400 mil) DJ 

Plastic TSOP (400 mil) TG 

Plastic TSOP (400 mil) reverse pinout RG 

GENERAL DESCRIPTION 

The MT42C8256 is a high speed, dual port CMOS dy- 
lamic random access memory, or video RAM (VRAM) 
:ontaining 2,097,152 bits. These bits maybe accessed by an 
$-bit wide DRAM port or by a 512 x 8 bit serial access 
nemory (SAM) port. Data may be transferred bidirection- 
illy between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
o the MT4C4256 (256K x 4-bit DRAM), with the addition of 
MASKED WRITE, BLOCK WRITE and FLASH WRITE, 
iight 512-bit data registers make up the serial access mem- 
>ry portion of the VRAM. Data I/O and internal data 
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transfer are accomplished using three separate bidirec- 
tional data paths: the 8-bit random access I/O port, the eight 
internal 512 bit wide paths between the DRAM and the 
SAM, and the 8-bit serial I/O port for the SAM. The rest of 
the circuitry consists of the control, timing, and address 
decoding logic. 

Each port may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally. As with all DRAMs, the VRAM must be 
refreshed to maintain data. The refresh cycles must be 
timed so that all 512 combinations of RAS addresses are 
executed at least every 8ms (regardless of sequence) . Micron 


recommends evenly spaced refresh cycles for maximum 
data integrity. An internal transfer between the DRAM and 
the SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C8256 are 
optimized for high performance graphics and communica- 
tion designs. The dual port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial, parallel networking and data com- 
munications. Special features such as SPLIT TRANSFERS, 
Extended Data Out and BLOCK WRITE allow further en- 
hancements to system performance. 


FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

TS0P(TG)PIN 

NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

2 

2 

SC 

Input 

Serial Clock: Clock input to the serial address counter and data latch 
for the SAM registers. 

7 

7 

Tr/oe 

Input 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H - L), or 

Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW), otherwise the output 
buffers are in a High-Z state. 

13 

15 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS, a 

MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ (ME/WE = H) or 
WRITE (ME/WE = L) cycle when accessing the DRAM. This includes 
a READ TRANSFER (ME/WE = H) or WRITE TRANSFER 
(ME/WE = L). 

35 

39 

SE 

Input 

Serial Port Enable: SE enables the serial I/O buffers and allows a 
serial READ or WRITE operation to occur, otherwise the output 
buffers are in a High-Z state. The SAM address count will be 
incremented by the rising edge of SC when SE is inactive (HIGH). 

29 

31 

DSF 

Input 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, FLASH WRITE, SPLIT TRANSFER, etc.) 
are used for a particular access cycle (see Truth Table). 

14 

16 

RAS 

Input 

Row Address Strobe: RAS is used to clock in the 9 row-address bits 
and strobe for ME/WE, TR/OE, DSF, SE, CAS and DQ inputs. It also 
acts as the master chip enable, and must fall for initiation of any 

DRAM or TRANSFER cycles. 

27 

29 

CAS 

Input 

Column Address Strobe: CAS is used to clock in the 9 column- 
address bits and as a strobe for the DSF input (BLOCK WRITE only). 

25, 24, 23, 
22, 19, 18, 
17, 16, 15 

27, 26, 25, 
24, 21,20, 
19, 18, 17 

A0-A8 

Input 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, A0 to A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
A0-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
“don’t care” for the start address during SPLIT TRANSFERS. 

8, 9, 10, 11, 
31,32, 33, 
34 

8, 9, 10, 13, 
35, 36, 37, 
38 

DQ1-DQ8 

Input/ 

Output 

DRAM Data I/O: Data input/output for DRAM access cycles: These 
pins also act as inputs for Mask and Color Register load cycles, DQ 
Mask and Column Mask for BLOCK WRITE. 

3, 4, 5, 6, 36, 
37, 38, 39 

3,4, 5, 6, 40, 
41,42,43 

SDQ1-SDQ8 

Input/ 

Output 

Serial Data I/O: Input, output, or High-Z. 

26 

28 

QSF 

Output 

Split SAM Status: QSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-51 1 . 

28 

30 

. ,V. 

GND 

- 

No Connect/GND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

1,20 

1,22 

Vcc 

Supply 

Power Supply: +5V ±10% 

1.2,21, 

30, 40 

14, 23, 

32, 44 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT42C8256 can be divided into three functional 
blocks (see Figure 1): the DRAM, the transfer circuitry, and 
the SAM. All of the operations described below are shown 
in the AC Timing Diagrams section of this data sheet and 
summarized in the Truth Table. 

Note: For dual-function pins , the function not being 

discussed will be surrounded by parentheses. For 
example, the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations, 

DRAM OPERATION 

DRAM REFRESH 

Like any DRAM based memory, the MT42C8256 VRAM 
must be refreshed to retain data. All 512 row address 
combinations must be accessed within 8ms. The MT42C8256 
supports CAS-BEFORE-RAS, RAS ONLY and HIDDEN 
types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH (CBR) cycle, the 
row addresses are generated and stored in an internal 
address counter. The user need not supply any address 
data, and simply must perform 512 CAS-BEFORE-RAS 
cycles within the 8ms time period. CBR cycles are also used 
to reset MASKED WRITE and PROGRAMMABLE SPLIT 
SAM operating modes. There are three CBR cycles defined 
for the MT42C8256; CBR No Reset (CBRN), CBR Reset Stop 
Address (CBRS), and CBR Reset All Options (CBRR). To 
perform the se fun ctions, two additional pins are defined for 
CBR cycles, ME /WE and DSF1. These operations are de- 
scribed in detail in the MASKED WRITE and SPLIT READ/ 
WRITE TRANSFER sections of the functional description. 

The refresh address must be generated externally and 
applied to A0-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pi ns remai n in a H igh-Z state for both the RAS-ONLY 
and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) af ter a READ or WRITE 
cycle. This performs CAS-BEFORE-RAS cycles but does not 
disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C8256 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES (RW) 

The DRAM portion of the VRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 
"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 


discussion. In addition, the VRAM has special functions 
that can be used when writing to the DRAM. 

The 18 address bits that are used to select an 8-bit word 
from the 262,144 available are latched into the chip using 
the A0-A8, RAS and CAS inputs. First, the nine row-ad- 
dress bits are set up on the address inputs and clocked into 
the part when RAS transitions from HIGH-to-LOW. Next, 
the 9 column address bits a re set up on the address inputs 
and clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a " master " chip enable for the 

VRAM. If RAS is inactive, HIG H, all other DRAM 
controlpins (CAS, TR/OE, ME /WE, etc.) area "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. However, for the VRAM, when RAS goes 
LOW, TR/(OE) selects between DRAM ac cess or TRANS- 
FER cycles. TR/(OE) must be HIGH at the RAS HIGH-to- 
LOW tra nsitio n for all DRAM operations (except CAS- 
BEFORE-RAS). _ _ 

A DRAM READ operation is performed if (ME) /WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory cells selected will 
appear at the DQ1-DQ8 port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the VRAM, ME /WE performs two func- 
tions; write mask e nable and data write enable. ME/ (WE) 
is used, when RAS goes LOW, to select betwee n a MASKE D 
WRITE cycle and a normal WRITE cycle. If ME /(WE) is 
LOW at the RAS HIGH-to-LOW transition, a MASKED 
WRITE operation is selected. For any non-masked DRAM 
acc ess cyc le (READ or WRITE), ME/ (WE) must be HIGH at 
the R AS HI GH-to-LOW transition. If (ME)/WE is LOW 
before CAS goes LOW, a DRAM EARLY -WRITE operation 
is performed and the data present on the DQ1-DQ8 data 
port will be written into the selected memory cells. If (ME) / 
WE goes LOW after CAS goes LOW, a DRAM LATE- 
WRITE operation is performed (refer to the AC timing 
diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ- 
MODIFY-WRITE, FAST-PAGE-MODE READ (with Ex- 
tended Data Out), FAST-PAGE-MODE WRITE (Late or 
Early), and FAST-PAGE- MODE READ-MODIFY-WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 
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EXTENDED DATA OUTPUT 

DRAM READ cycles have traditionally turned the out- 
put buffers off (High-Z) with the rising edge of CAS. If 
CAS goes HIGH, and OE is LOW (active), the output 
buffers will be disabled. The MT42C8256 offers an acceler- 
ated FAST P AGE M ODE (FPM) cycle by eliminating output 
disable from CAS HIG H. Th is option is called Extended 
Data Out, and it allows CAS precharge time (*CP) to occur 
without the output data going invalid (see DRAM READ 
and DRAM FAST-PAGE-MODE READ waveforms). 

Extended Data Out operates as any DRAM READ or 
FPM READ, exce pt dat a will be held valid after CAS goes 
HIGH, as long as RAS is LOW. If the DQ outputs are wire 
OR'd, (TR)/OE must be used to disable idle banks of 
VRAMs. During non-P AGE-MODE READ cycles, the out- 
puts are disabled at kDFF time after RAS and CAS are 
HIGH. The t OFF time is referenced from the rising edge of 
RAS or CAS, whichever occurs later. 

MASKED WRITE (RWM) 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY- WRITE cycle when changing individual 
bits within the 8-bit word. The MT42C8256 supports two 


types of MASKED WRITE cycles, nonpersistent MA S KED 
WRITE and persistent M ASKE D WRITE. When ME/ (WE) 
and DSF are LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE is performed. 

The MT42C8256 initializes in the nonpersistent mode. In 
this mode, mask data must be entered with every RAS 
falling edge. The data (mask data) present on the DQ1-DQ8 
inputs will be written into the mask data register (see Figure 
1). The mask data acts as an individual write enable for each 
of the eight DQ1-DQ8 pins. If a LOW (logic "0") is written 
to a mask data register bit, the input port for that bit is 
disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic " 1 ") on a mask data register bit enables the 
input po rt and allows normal WRI TE op eration to proceed. 
Note that CAS is still HIGH. When CAS goes LOW, the bits 
present on the DQ1-DQ8 inputs will be either written to the 
DRAM (if the mask data bit is HIGH) or ignored (if the mask 
data bit is LOW). The DRAM contents that correspond to 
masked input bits will not be changed during the WRITE 
cycle. The mask data register is cleared at the end of every 
nonpersistent MASKED WRITE. 
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The selection of persistent or nonpersistent MASKED 
WRITE is done by performing a LOAD MASK REGISTER 
(LMR) cycle (see LMR description). If an LMR is done, all 
ensuing MASKED WRITEs are persistent and the mask 
data will be provided by the Mask Data Register (see Figure 
2). The mask data is applied in the same manner as in 
nonpersistent mode. 

To reset the device back to the nonpersistent mode, a 
CAS-BEFORE-RAS, Reset All Options (CBRR) cycle must 
be performed. This cycle is defined as a CBR with DSF LOW 
when RAS falls, WE is "don't care." To preserve the persis- 
tent mode of MASKED WRITE, while using CAS-BEFORE- 
RAS REFRESH, a CBRN cycle is used. This cycle will 
perform a refresh of the internally addressed row of DRAM 
but will not reset the MASKED WRITE mode. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 


same mask is used during the entire FAST-P AGE-MODE 
RAS cycle. 

BLOCK WRITE (BW) 

If DSF is HIGH when CAS goes LOW, the MT42C8256 
will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQ1, 2, 3, 
and 4) are then used to determine what combination of the 
four column locations will be changed. The DQ inputs are 
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COLUMN 
(A2-A8 at CAS) 



Figure 3 

BLOCK WRITE EXAMPLE 


"written" at the falling edge of CAS or WE, whichever 
occurs later (see the WRITE cycle waveforms). The table on 
this page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 

MASKED BLOCK WRITE (BWM) 

The MASKED WRITE functions may also be used during 
BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE except the mask is 
now applied to the 8 bit-planes of four column locations 
instead of just one column location. 

Th e combination of ME / (WE) LOW and DSF LOW when 
RAS goes LOW initiates a MASKED WRITE cycle. To 


perform a M ASKE D BLOCK WRITE, the DSF pin must be 
HIGH when CAS goes LOW. By using both the column 
mask input and the MASKED WRITE function of BW, any 
combination of the eight bit planes may be masked, along 
with any combination of the four column locations. 

The MASKED BLOCK WRITE will be nonpersistent (new 
mask) at device power-up. To enter persistent mode (old 
mask) a LOAD MASK REGISTER cycle is performed. All 
MASKED BLOCK WRITEs will be persistent after the LMR. 
To reset to nonpersistent mode, a CBRR (reset all) cycle 
must be performed. 
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MASKED FLASH WRITE (FWM) 

The MASKED FLASH WRITE cycle is similar to the 
MASKED BLOCK WRITE cycle in that it uses the color 
register to accelerate the writing of a select color to the 
DRAM memory array. Instead of writing to four adjacent 
column locations in one DRAM cycle (BLOCK WRITE), 
FWM writes the contents of the color register to all column 
locations on an addressed row in one cycle. 

The FW M cy c le is selected by taking TR/(OE) and DSF 
HIGH and ME/(WE) LOW at the falling edge of RAS! DSF 
is "don't care" at the falling edge of CAS. The DQ plane 
mask applies as it does for all masked write cycles; if the 
mask register has been loaded, the mask is persistent; if it 
has not, the mask is nonpersistent. 

LOAD MASK REGISTER (LMR) 

The LOAD MASK REGISTER operation loads the data 
present on the DQ pins into the 8-bit Mask Data Register at 
the falling edge of CAS or (ME) / WE. As shown in the Truth 
Table, the combin ation of TR/(OE), (ME) /WE, and DSF 
being HIGH when RAS goes LOW indicates the cycle is a 
LOAD REGISTER cycle. DSF is used when CAS goes LOW 
to select the register to be loaded and must be LOW for a 
LOAD MASK REGISTER cycle. 

Note: LOAD MASK REGISTER cycles also enable the 
persistent MASKED WRITE mode. All ensuing 
MASKED WRITES (including MASKED WRITE 
and MASKED SPLIT WRITE TRANSFER ) will be 
masked with data from the mask register. A CBRR has 
to be done to reset back to nonpersistent mode. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

During persistent operation, the mask data register con- 
tents are used for MASKED WRITE, MASKED BLOCK 
WRITE, MASKED FLASH WRITE, and MASKED WRITE 
and SPLIT WRITE TRANSFER cycles to selectively enable 
writes to the eight DQ planes. 

LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the 8-bit color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE and FLASH WRITE cycles. 


TRANSFER OPERATIONS 

TRANSFER operation s are initiated w hen TR/(O E) is 
LOW at the falling edge of RAS. The state of (ME) / WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER and SPLIT TRANSFER cycles. Each 
of the TRANSFER cycles is described in this section. 

READ TRANSFER (RT) 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER cycle is selected. The row ad- 
dress bits indicate which eight 512-bit DRAM row planes 
are transferred to the eight SAM data register planes. The 
column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom- 
plished in two ways. If the transfer is to be synchronized 
with hie serial clock, SC (RE AL-TIM E READ TRANSFER), 
TR/ (OE) is taken HIGH after CAS goes LOW. The TRANS- 
FER will be made when TR/ (OE) goes HIGH. If the transfer 
does not have to be synchronized with SC (READ TRANS- 
FER), TR/(OE) may go HIGH before CAS goes LOW and 
the actual data TRANSFER will be timed internally (refer to 
the AC Timing Diagrams). During the TRANSFER, 4,096 
bits of DRAM data are written into the SAM data registers 
and the Tap address is stored in an internal 9-bit register. 
The split SAM status pin (QSF) will be LOW if the Tap is in 
the lower half (addresses 0 through 255), and HIGH if it is 
in the upper half (256 through 511). If SE is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the first SC clock pulse. SE enables the serial outputs 
and may be either HIGH or LOW during this operation. The 
SAM address pointer will increment with the SC LOW-to- 
HIGH transition, regardless of the state of SE. Performing a 
READ TRANSFER cycle sets the direction of the SAM 1/ O 
buffers to the output mode. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS- 
FERmustbe done. The REAL-TIME RE AD TRANSFER has 
to occur between the last clock of "old" data and first clock 
of the "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
is not synchronized with the serial clock. 
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The TR/(OE) timing is also relaxed for SPLIT TRANSFER Figure 4 shows a typical SRT initiation sequence. The 

cycles. The rising edge of TR/ (OE) is not used to complete normal READ TRANSFER is performed first, followed by 

the TRANSFER cycle and therefore is independent of the an SRT of the same row to the upper half of the SAM. The 

falling edge of CAS or the rising edge of SC. The transfer SRT to the upper half is optional, and need only be done if 

timing is generated internally for SPLIT TRANSFER cycles. the Tap for the upper half is ^ 0. Serial access continues, and 

A SPLIT READ TRANSFER does not change the direction when the SAM address counter reaches 255 ("A8"= 0, A0- 

of the SAM I/O port. A7=l) the QSF output goes HIGH and, if an SRT was done 

A "full" READ TRANSFER cycle must precede any se- for the upper half, the new Tap address is loaded for the next 

quence of SRT cycles to provide a reference to which half of half (" A8" = 1, AO- A7 = Tap). Once the serial access has 

the SAM the access will begin (the state of QSF), and to set switched to the upper SAM (QSF has gone HIGH), new data 

SAM I/O direction. Then an SRT may be initiated by may be transferred to the lower SAM. For example, the next 

taking DSF HIGH when RAS goes LOW during the TRANS- step in Figure 4 would be to wait until QSF went LOW 

FER cycle. As in nonsplit transfers, the row address is used (indicating that row- 1 data is shifting out of the lower SAM) 

to specify the DRAM row to be transferred. The column and execute an SRT of the upper half of row 1 to the upper 

address, A0-A7, is used to input the SAM Tap address. SAM. If the half boundary is reached before an SRT is done 

Address pin A8 is a "don't care" when the Tap address is for the next half, the device will leave split mode and the 

loaded at the HIGH-to-LOW transition of GAS. It is inter- access will start from address 256 if going to the upper half 

nally generated in such a manner that the SPLIT TRANSFER or at 0 if going to the lower half (see Figure 5) . 

will automatically be to the SAM half not being accessed. 
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TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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The stop address of the SAM half (the point at which 
access will change to the next half) is programmable on the 
MT42C8256. This function is described in the PROGRAM- 
MABLE SPLIT SAM section of the Functional Description. 

MASKED WRITE TRANSFER (MWT) 

TheoperationoftheMASKED WRITE TRANSFER (MWT) 
is identical to tha t of t he R EAD TRANSFER described 
previously exce pt (M E) / WE is LOW and a DQ plane mask 
is applied when RAS goes LOW. The row address indicates 
the DRAM row to which the SAM data registers will be 
written. The column address (Tap) indicates the starting 
address of the next SERIAL INPUT cycle for the SAM data 
registers. A DQ mask must be applied to all MWTs as shown 
in Figure 6. This may be done using persistent or nonpersis- 
tent modes. When using persistent mode, the mask will be 
supplied by the mask register. When in nonpersistent mode, 
the DQ pins are used to input a bit plane mask at the falling 
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I NOSRT | NO SRT 1 

0 TAP 255 256 511 


II II - II 


L 


Start Split 1 1 


Figure 5 

SPLIT SAM TRANSFER 


edge of RAS. An MWT changes the direction of the SAM 
I/O buffers to the input mode. To change the SAM I/O 
buffers to input mode without SAM data being transferred 
to the DRA M, a m ask of all 0's must be presented on the DQ 
pins when RAS falls. QSF is LOW if serial input is to the 
lower half of the SAM, and HIGH if it is to the upper. 



Figure 6 

DQ MASKED WRITE TRANSFER 
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MASKED SPLIT WRITE TRANSFER (MSWT) 

The MASKED SPLIT WRITE TRANSFER (MSWT) cycle 
allows serial input data to be transferred to the DRAM 
without interrupting the serial clock. Operation of the 
SWT cycle is very similar to the SPLIT READ TRANSFER 
cycle. It will transfer the idle half of the SAM to the DRAM 
and set the Tap address to where the new serial data will be 
loaded in that half. Selection of the MSWT cycle is the same 
as that of the MASKED WRITE TRANSFER with the except 
ti onofth e state of DSF. When DSF is HIGH at the falling edge 
of RAS, an MSWT will occur. The initiation sequence for 
MSWT is shown in Figure 7. An MSWT will not change the 
direction of the SAM I/O buffers. 


PROGRAMMABLE SPLIT SAM 

Programmable Split SAM operation is an extension of the 
Split SAM mode. This mode optimizes SAM performance 
by allowing user-programmable stop points to be defined 
in the split SAM. The stop points define a SAM location at 
which the access will change from one half of the SAM to the 
other half (at the loaded Tap address). The locations of the 
stop points are programmable in power-of-two increments. 
The stop points and size of the resulting partitions are 
shown in Figure 8, along with an example. 

The stop points are set by performing a CAS-BEFORE- 
RAS (Reset Stop Addrs) cycle (CBRS). A CBRS cycle is a 
CAS-BEFORE-RAS with ME/WE LOW and DSF HIGH at 
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Figure 7 

TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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the RAS HIGH-to-LOW transition. This is a special CAS- 
BEFORE-RAS refresh cycle that, in addition to refreshing 
the DRAM, will sample the address pins (A4-A8) and set the 
stop point partition to the addressed value (See Figure 8). 
The programmable stop points will not become valid until 
a Split Transfer (READ or WRITE) is done, following the 
CBRS. Both halves of the SAM will be programmed simul- 
taneously to the same partition lengths and stop points. 

Access will progress from the Tap address to the end of 
the programmable partition into which the Tap fell. When 
the end of the "addressed" partition is reached, the access 
will jump to the tap address of the next half, provided that 
a SPLIT TRANSFER (READ or WRITE) was done before the 
partition boundary was reached. If a SPLIT TRANSFER (ST) 
is not done prior to the terminal count of the partition, the 


partition is not recognized and the address count will 
continue in the same half (this is shown Figure 8 at stop 
address 383). The count will continue in the same half until 
a SPLIT TRANSFER (READ or WRITE) occurs or the SAM 
half boundary is reached. In Figure 8, an ST occurs some 
time between addresses 383 and 447 and the boundary is 
recognized at 447. The programmable stop points may be 
reprogrammed at any time by performing another CBRS 
cycle, the new stop points will not be valid until an ST is 
performed. 

Disabling the Programmable Split SAM requires a CBRR 
(Reset All Options). This is a CAS-BEFORE-RAS cycle with 
DSF LOW at the RAS HIGH-to-LOW transition. The CBRR 
(Reset) will take effect immediately; it does not require an 
ST to become active valid. 
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i ; 3 n 

i 

1 


[L No ST -II ST \ 



(Tap = 0) 


Programmed Partition (A4-A8) = 0001 11111 
MSB....LSB 


Figure 8 

PROGRAMMABLE SPLIT SAM OPERATION 
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SERIAL INPUT AND SERIAL OUTPUT 

The control inputs for SERIAL INPUT and SERIAL OUT- 
PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 8-bit port. SE is 
used as an output enable during the SAM output operation. 
The serial address is automatically incremented with every 
SC LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 
and will wrap around (after count 255 or 511) to the Tap 
address of the next half, for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 511) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 


serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi- 
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 

After Vcc is at specified operating conditions, for lOOps 
minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = (TR)/OE > Vih during power-up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data, and the nonpersistent 
MASKED WRITE mode is enabled. 

The SAM portion of the MT42C8256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(MASKED WRITE TRANSFER) and theJ/O pins (SDQs) 
will be High- Z, regardless of the state of SE. QSF initializes 
in the LOW state. The mask and color register will contain 
random data after power-up. 
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TRUTH TABLE 


CODE 

FUNCTION 

MS FALLING EDGE 

MS FALL 

A0-A8 1 

DQ1-DQ8 2 

REGISTERS 

MS 1 TR/OE"! M/We) DSF 

DSF 

MS 1 MS 

MS 1 MS 3 

MASK I COLOR 

DRAM OPERATIONS | 

CBRR 

CA5-BEFORE-TO REFRESH (RESET ALL OPTIONS) 

0 

X 

X 

0 

— 

X 

X 

— 

X 

X 

X 

CBRS 

CS5-BEFORE-MS REFRESH (RESET STOP ADDRESS) 

0 

X 

0 

1 

— 

STOP 7 

X 

— 

X 

X 

X 

CBRN 

CaS-BEFORE-BaST REFRESH (NO RESET) 

0 

X 

1 

1 

— 

X 

X 

— 

X 

X 

X 

ROR 

ONLY REFRESH 

1 

1 

X 

X 

— 

ROW 

— 

X 

— 

X 

X 

RW 

NORMAL DRAM READ OR WRITE 

1 

1 

1 

0 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

X 

X 

RWM 

MASKED WRITE TO DRAM (OLD OR NEW MASK) 

1 

1 

0 

0 

0 

ROW 

COLUMN 

WRITE 

MASK 4 

VALID 

DATA 

USE 4 

X 

BW 

BLOCK WRITE TO DRAM 

1 

1 

1 

0 

1 

ROW 

COLUMN 

(A2-A8) 

X 

COLUMN 

MASK 

X 

USE 

BWM 

MASKED BLOCK WRITE TO DRAM (OLD OR NEW MASK) 

1 

1 

0 

0 

1 

ROW 

COLUMN 

(A2-A8) 

WRITE 

MASK 4 

COLUMN 

MASK 

USE 4 

USE 

FWM 

MASKED FLASH WRITE TO DRAM (OLD OR NEW MASK) 

1 

1 

0 

1 

X 

ROW 

X 

WRITE 

MASK 4 

X 

USE 4 

USE 

REGISTER OPERATIONS | 

LMR 

LOAD MASK REGISTER 

1 

1 

1 

1 

0 

ROW 5 

X 

X 

REG 

DATA 

LOAD 

X 

LCR 

LOAD COLOR REGISTER 

1 

1 

1 

1 

1 

ROW 5 

X 

X 

REG 

DATA 

X 

LOAD 

TRANSFER OPERATIONS | 

RT 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 

1 

0 

1 

0 

X 

ROW 

TAP 6 

X 

X 

X 

X 

SRT 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

1 

0 

1 

1 

X 

ROW 

TAP 6 

X 

X 

X 

X 

MWT 

MASKED WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 

(NEW OR OLD MASK) 

1 

0 

0 

0 

X 

ROW 

TAP 6 

WRITE 

MASK 4 

X 

USE 4 

X 

MSWT 

MASKED SPLIT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) (NEW OR OLD MASK) 

1 

0 

0 

1 

X 

ROW 

TAP 6 

WRITE 

MASK 4 

X 

USE 4 

X 


NOTE: 1 . These columns show what must be present on the A0-A8 inputs when RAS falls and when CA S falls . 

2. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS f alls. 

3. During W RITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

ME/WE , whichever is later. Similarly, on READ cycles, the output data is valid after the falling edge of CAS or 
TR/OE, whichever is later. 

4. After an LMR cycle, all masked WRITES use the mask register (old mask). Data on the DQs at RAS falling 
edge will be ignored. A CBRR will reset to new mask state and mask data must be presented on the DQs at 
every RAS falling edge. 

5. The ROW that is addressed will be refreshed, but a ROW address is not required. 

6. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 
be the first address location accessed of the “new” SAM half after the boundary of the current half is reached 
(255 for lower half, 51 1 for upper half or Programmable Stop Address boundary). 

7. Defines the column addresses where access moves to the next half, see Programmable Split SAM functional 
description. 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T a < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.5 

5.5 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T a < 70°C; Vcc = 5V ±1 0%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

Any input (0V < Vin < Vcc); all other pins not under test = 0V 

II 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 
(DQ, SDQ disabled, 0V < Vout < Vcc) 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 


CAPACITANCE 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8 

Cn 


5 

PF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF 

Cl2 


8 

PF 

2 

Input/Output Capacitance: DQ, SDQ 

Ci/o 


9 

PF 

2 

Output Capacitance: QSF 

Co 


9 

PF 

2 
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CURRENT DRAIN, SAM IN STANDBY 


(0°C < T A < 70°C; Vcc = 5V ±1 0%) i 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

Icci 

110 

100 

mA 

3,4 

25 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC2 

85 

75 

mA 

3,4 

26 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN)) 

ICC3 

10 

10 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC4 

110 

100 

mA 

3, 25 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS = Cycling) 

ICC5 

110 

100 

mA 

3,5 

SAM/DRAM DATA TRANSFER 

ICC6 

115 

105 

mA 

3 


CURRENT DRAIN, SAM ACTIVE (*SC = MIN) 


(0°C < T A < 70°C; Vcc = 5V ±10%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-7 

-8 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling: 'RC = 'RC (MIN)) 

ICC7 

160 

145 

mA 

3,4 

25 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = Vil; CAS = Cycling: 'PC = 'PC (MIN)) 

ICC8 

135 

120 

mA 

3,4 

26 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current 

(RAS = CAS = Vih after 8 RAS cycles (MIN)) 

ICC9 

50 

45 

mA 

3,4 

REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

Iccio 

160 

145 

mA 

3,4 

25 

REFRESH CURRENT: 

CAS-BEFORE-RAS (RAS and CAS = Cycling) 

Iccii 

160 

145 

mA 

3, 4,5 

SAM/DRAM DATA TRANSFER 

Icci 2 

165 

150 

mA 

3,4 
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DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (0°C < T A < +70°C; Vcc = 5V±10%) 


AC CHARACTERISTICS 


-7 

_ -8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

*RC 

130 


150 


ns 


READ-MODIFY-WRITE cycle time 

toWC 

175 


195 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time [Extended Data Out (READ)] 

toe 

30 


40 


ns 


FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

l PRWC 

75 


85 

' 

ns 


Access time from RAS 

toAC 


70 


80 

ns 

14 

Access time from CAS 

*CAC 


15 


20 

ns 

15, 28 

Access time from (TR)/OE 

'OE 


15 


15 

ns 


Access time from column address 

'AA 


25 


35 

ns 


Access time from CAS precharge 

l CPA 


30 


40 

ns 


RAS pulse width 

l RAS 

70 

20,000 

80 

20,000 

ns 


RAS pulse width (FAST PAGE MODE) 

t RASP 

70 

100,000 

80 

100,000 

ns 


RAS hold time 

t RSH 

15 


20 


ns 


RAS precharge time 

toP 

50 


60 


ns 


CAS pulse width 

t CAS 

15 

10,000 

20 

10,000 

ns 


CAS hold time 

'CSH 

65 


75 


ns 


CAS precharge time 

*CP 

10 


10 


ns 

16 

RAS to CAS delay time 

toCD 

20 

50 

20 

55 

ns 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


ns 


Row address hold time 

*RAH 

10 


10 


ns 


RAS to column 
address delay time 

'RAD 

15 

45 

15 

45 

ns 

18 

Column address setup time 

l ASC 

0 


0 


ns 


Column address hold time 

'CAR 

10 


10 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

35 


40 


ns 


Column address to 

RAS lead time 

'RAL 

35 


40 


ns 


Read command setup time 

toes 

0 


0 


ns 


Read command hold time 
(referenced to CAS) 

toCH 

0 


0 


ns 

19 

Read command hold time 
(referenced to RAS) 

toRH 

0 


0 


ns 

19 

CAS to output in Low-Z 

'CLZ 

3 


3 


ns 


CAS HIGH to RAS HIGH lead time 

'CRL 

0 


0 


ns 


RAS HIGH to CAS HIGH lead time 

toCL 

0 


0 


ns 


Output buffer turn-off delay from CAS or RAS 

'OFF 

3 

20 

3 

20 

ns 

20, 23 

Output disable delay from (TR)/OE 

'OD 

3 

10 

3 

10 

ns 

20, 23 

Output disable delay from (ME) A/VE 

'\NHZ 

3 

10 

3 

10 

ns 


Output disable hold time from start of WRITE 

l OEH 

10 


10 


ns 

27 

Output Enable to RAS delay 

'ORD 

0 


0 


ns 


Data output hold after CAS LOW 

toOH 

5 


5 


ns 

28 
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DRAM TIMING PARAMETERS (continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 1 1 , 12, 13) (0°C < T A < +70°C; Vcc = 5V ±10%) 


AC CHARACTERISTICS 


-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

' wcs 

0 


0 


ns 

21 

Write command hold time 

l WCH 

15 


15 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

50 


55 


ns 


Write command pulse width 

l WP 

15 


15 


ns 


Write command to RAS lead time 

*RWL 

20 


20 


ns 


Write command to CAS lead time 

*CWL 

15 


20 


ns 


Data-in setup time 

X DS 

0 


0 


ns 

22 

Data-in hold time 

*DH 

10 


15 


ns 

22 

Data-in hold time 
(referenced to RAS) 

*DHR 

50 


55 


ns 


RAS to WE delay time 

tRWD 

90 


100 


ns 

21 

Column address 
to WE delay time 

{ A\ND 

45 


55 


ns 

21 

CAS to WE delay ti me 

X C\ND 

35 


40 


ns 

21 

T ransition time (rise or fall) 

X T 

3 

35 

3 

35 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


8 


8 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


ns 


CAS setup time 

(CAS-BEFORE-RAS REFRESH) 

’CSR 

10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS REFRESH) 

*CHR 

15 


15 


ns 

5 

ME /WE to RAS setup time 

*WSR 

0 


0 


ns 


ME/WE to RAS hold time 

*RWH 

10 


15 


ns 


Mask data to RAS setup time 

Wis 

0 


0 


ns 


Mask data to RAS hold time 

*MH 

- 1°, 


15 


ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

_ -8 _ J 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TR/(OE) LOW to RAS setup time 

tls 

0 


0 


ns 


TR/(OE) LOW to RAS hold time 

m_H 

10 

10,000 

15 

10,000 

ns 


TR/(OE) LOW to RAS hold time 
(REAL-TIME READ-TRANSFER only) 

*RTH 

55 

10,000 

65 

. . 

10,000 

ns 


TR/(OE) LOW to CAS hold time 
(REAL-TIME READ-TRANSFER only) 

'CTH 

20 


20 


ns 


TR/(0E) HIGH to RAS precharge time 

*TRP 

50 


60 


ns 


TR/(0E) precharge time 

*TRW 

25 


25 


ns 


TR/(OE) HIGH to SC lead time 

X TSL 

5 


5 


ns 


First SC edge to TR/(OE) HIGH 
delay time 

X TSD 

15 


15 


ns 


Serial output buffer turn-off 
delay from RAS 

X SDZ 

10 

30 

10 

35 

ns 


SC to RAS setup time 

'SRS 

20 


25 


ns 


Serial data input to SE delay time 

*SZE 

0 


0 


ns 


Serial data input delay from RAS 

X SDD 

40 


45 


ns 


Serial data input to RAS delay time 

‘szs 

0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS setup time 

'ESR 

0 


0 


ns 


Serial-input-mode enable 
(SE) to RAS hold time 

t REH 

10 


15 


ns 


TR/(OE) HIGH to RAS setup time 

l YS 

0 


0 


ns 


TR/(OE) HIGH to RAS hold time 

X YH 

10 


15 


ns 


DSF to RAS setup time 

l FSR 

0 


0 


ns 


DSF to RAS hold time 

*RFH 

10 


15 


ns 


SC to QSF delay time 

'SQD 


18 


25 

ns 


SPLIT TRANSFER setup time 

<STS 

25 


30 


ns 


SPLIT TRANSFER hold time 

•sth 

0 


0 


ns 


DSF (at CAS LOW) to RAS hold time 

*FHR 

50 


55 


ns 


DSF to CAS setup time 

*FSC 

0 


0 


ns 


DSF to CAS hold time 

'CFH 

15 


15 


ns 


TR/OE to QSF delay time 

*TQD 


20 


25 

ns 


RAS to QSF delay time 

‘ROD 


55 


65 

ns 


CAS to QSF delay time 

'CQD 


25 


35 

ns 


RAS to first SC delay 

'RSD 

70 


80 


ns 


CAS to first SC delay 

'CSD 

25 


30 


ns 
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MT42C8256 
256K x 8 VRAM 


SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5V ±1 0%) 


AC CHARACTERISTICS 


-7 

-8 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

•sc 

18 


25 


ns 


Access time from SC 

‘SAC 


15 


20 

ns 

24, 28 

SC precharge time (SC LOW time) 

X SP 

5 


10 


ns 


SC pulse width (SC HIGH time) 

*SAS 

5 


10 


ns 


Access time from SE 

‘SEA 


12 


15 

ns 

24 

SE precharge time 

•SEP 

10 


10 


ns 


SE pulse width 

l SE 

10 


10 


ns 


Serial data-out hold time after 

SC high 

{ SOH 

■ 


5 


ns 

24, 28 

Serial output buffer turn-off 
delay from SE 

•SEZ 

H 

10 




ggj | 

Serial data-in setup time 

l SDS 

3 


3 


B9I 


Serial data-in hold time 

‘SDH 

5 


5 


n 

HH 

Serial input (Write) Enable 
setup time 

tSWS 

0 


0 


ns 


Serial input (Write) Enable 
hold time 

l SWH 

10 


10 


ns 


Serial input (Write) disable 
setup time 

X S\N\S 

0 


0 


ns 


Serial input (Write) disable 
hold time 

l SWIH 

10 


10 


ns 
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256K x 8 VRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±10%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the output 
open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lO Ops is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the *REF 
refresh requirement is exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). Input signals transition from 0 to 3V for AC 
testing. 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
V il (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data output (DQ1-DQ8) is 
High-Z. 

12. If CAS = Vil, DRAM data output (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 1 TTL gates and 50pF. Output reference levels: 
Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < *RCD (MAX). If *RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssume s that *RCD > *RCD (MAX). _ 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for *CR 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by ‘CAC. 

18. Operation within the *rXd (MAX) limit ensures that 
*RCD (MAX) can be met. *RAD (MAX) is specified as 
a reference point only; if *RAD is greater than the 
specified *11X0 (MAX) limit, then access time is 
controlled exclusively by *AA. 


19. Either *RCH or *RRH must be satisfied for a READ 
cycle. 

20. *OD, *OFF and *SEZ define the time when the output 
achieves open circuit (Voh -200mV, Vol +200mV). 

This parameter is sampled and not 100% tested. 

21. *WCS, *RWD, *AWD and *CWD are restrictive 
operating parameters in LATE-WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If *WCS > 
*WCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entirfe cycle, regardless of TR/OE. If *WCS < 
*WCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If *RWD > *RWD 
(MIN), *AWD > *AWD (MIN) and *CWD > *CWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to Vih) is indeterminate, but the WRITE will be 
valid if *OD and *OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/ WE leading edge in 
LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/ OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
HIGH or when RAS and CAS go HIGH, whichever 
occurs first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. Address (A0-A8) may be changed two times or less 
while RAS = Vil. 

26. Address (A0-A8) may be changed once or less while 
CAS = Vih and RAS = Vil. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW af ter *O EH is 
met. If CAS and RAS go HIGH prior to OE going back 
LOW, the DQs will remain open. 

28. 'SAC/'CAC are MAX at 70° C and 4.5V Vcc; *SOH/ 
*COH are MIN at 0° C and 5.5V Vcc. These limits will 
not occur simultaneously at any given voltage or 
temperature. This is guaranteed by design (*SOH/ 
*COH = ^AC/^CAC - output transition time). 
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ADVANCE 




MT42C8256 
256 K x 8 VRAM 


DRAM READ CYCLE i 

(Outputs controlled by RAS) 



jj$j] UNDEFINED 


NOTE: 1 . *CRL is a reference parameter. If CAS = HIGH *CRL before RAS, 'OFF is referenced from the rising edge of 
RAS. 
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ADVANCE 



MT42C8256 
256K x 8 VRAM 


DRAM READ CYCLE 1 

(Outputs controlled by CAS) 



^ UNDEFINED 


NOTE: 1 . *RCL is a reference parameter. If RAS = HIGH 'RCL before CAS, 'OFF is referenced from the rising edge of 
CAS. 


MT42C8256 
REV. 4/92 


5-133 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


NEW ■ MULTIPORT DRAM 



NEW ■ MULTIPORT DRAM 


ADVANCE 


|V|ICZRON 

MT42C8256 1 


256K x 8 VRAM | 


DRAM FAST-PAGE-MODE READ CYCLE 

(Extended Data Out) 



^ UNDEFINED 


NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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MT42C8256 
256K x 8 VRAM 








NEW ■ MULTIPORT DRAM 


ADVANCE 


|U|IC=RON 


MT42C8256 
256K x 8 VRAM 


WRITE CYCLE FUNCTION TABLE 1 



LOGIC STATES 


Falling Edge 

CTETFalling Edge 

FUNCTION 




0 

E 2 





DSF 

DQ (Input) 

Normal DRAM WRITE 

1 

0 

X 

0 

DRAM Data 

MASKED WRITE to DRAM 

0 

0 

Write Mask 3 

0 

DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 

1 

0 

X 

1 

Column Mask 

MASKED BLOCK WRITE to DRAM 

0 

0 

Write Mask 3 

1 

Column Mask 

MASKED FLASH WRITE to DRAM 

0 

1 

Write Mask 3 

X 

X 

Load Mask Data Register 

1 

1 

X 

0 


Load Color Register 

1 

1 

X 

1 

Color Data 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for the WRITE cycle 
timin g diagrams on the following pages. 

2. CAS or ME/WE falling edge, whichever occurs later. 

3. Mask Data is loaded at RAS falling if nonpersistent mode is active. If pe rsiste nt mode is active, mask data is 
supplied by the Mask Data Register and the DQs are “don’t care” at the RAS falling edge. 
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ADVANCE 


MICRON 

1 TECHNOLOGY, INC. 


MT42C8256 
256K x 8 VRAM 


DRAM LATE-WRITE CYCLE 



NOTE: The logjc states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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NEW ■ MULTIPORT DRAM 


ADVANCE 


MICRON 

MT42C8256 

■ TECHNOLOGY. INC. 

256K x 8 VRAM 


DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 12 



NOTE: 1 . READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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MICRON 

■ TECHNOLOGY, INC 


MT42C8256 
256K x 8 VRAM 


DRAM FAST-PAGE-MODE READ-WRITE CYCLE 12 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 



ylOTE: 1 . READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF state for the desired WRITE operation. 

2. The logic states of “A”, “B” , “C” and “D” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM RS5-0NLY REFRESH CYCLE 

(AD DR = A0-A8) 
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MICRON 

Bt TECHNOLOGY. INC. 


MT42C8256 
256K x 8 VRAM 



€55-before-ras cycle function table 


FUNCTION 


CAS-BEFORE-RAS REFRESH (Reset All Options) 


CAS-BEFORE-RAS REFRESH (Set/Reset Stop Address) 


CAS-BEFORE-RAS REFRESH (No Reset) 


LOGIC STATES 

RAS Falling Edge (CAS = LOW) 

A B I C 

ME7WE DSF A0-A8 


X 


STOP ADDRESS 1 



CAS-BEFORE-RAS REFRESH CYCLE 2 







| *CHR 

*RPC 

l CSR 

* *"| 

* » | 


¥ N 



ADDR vj{*I / 


ME/WE v|l! 


A 

*FSR II f RFH 


; c 3 

*WSR tRWH 

■ A S 

l FSR || l RFH 


TR/OE vIlI' 


NOTE: 1 . Programmable Stop Point column addresses: 


Number Stop 

Address @ MS' LOW 

Number and Size 

Points/Half 

A8 

A7 

A6 

A5 

A4 

o! Partition(s) 

1 (Default) 

X 

1 

1 

1 

1 

1 x 256 

2 

X 

0 

1 

1 

1 

2x 128 

4 

X 

0 

0 

1 

1 

4 x 64 

8 

X 

0 

0 

0 

1 

8x32 

16 

X 

0 

0 

0 

0 

16x16 


A0-A3 = “don’t care” 


j DON’T CARE 
| UNDEFINED 


2. The logic states of “A”, “B” and “C” determine the type of CBR operation performed. 
See the CBR Cycle Function Table for a detailed description. 
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NEW ■ MULTIPORT DRAM 


ADVANCE 


MICRON 

m TECHNOLOGY. INC. 


MT42C8256 
256K x 8 VRAM 


DRAM HIDDEN-REFRESH CYCLE ^ 


(READ) (REFRESH) 



NOTE: 1 . A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case ME/WE = 

LOW (when CAS goes LOW) and TR/OE = HIGH. In the TRANSFER case, JR/OE = LOW (when RAS goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TR/OE. 

2. The logic states of “A”, “B” and “G” determine the type of CBR operation performed. See the CBR Cycle 
Function Table for a detailed description. 
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ADVANCE 



MT42C8256 
256K x 8 VRAM 


READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode, or SC idle) 



NOTE: 1 . There must be no rising edges on the SC input during this time period. 
2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 


UNDEFINED 


QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

3. If ^LH is timing for the TR/(OE) risin g edge, the transfer is self-timed and the tCSD and *RSD times must be 
met. If t RTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
l TSD must be met. 
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NEW ■ MULTIPORT DRAM 


ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT42C8256 
256K x 8 VRAM 


REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



NOTE: 1 . The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 


DON’T CARE 
jjjjjjj UNDEFINED 
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MICRON 

■ TECHNOLOGY. INC. 


MT42C8256 
256K x 8 VRAM 


SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 



1 . QSF = 0 when the Lower SAM (bits 0-255) is being accessed. mra , JNnFFINIFn 

QSF = 1 when the Upper SAM (bits 256-51 1 ) is being accessed. ™ 

2. Programmable stop address or SAM half boundary (255 or 511). See the Programmable Split SAM functional 
description for detail. 
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NEW | MULTIPORT DRAM 


ADVANCE 


MICRON 

■ TECHNOLOGY, INC. 


MT42C8256 
256K x 8 VRAM 


MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



Wh DON'T CARE 


NOTE: 1 . SE must be LOW to input new serial data, but the serial address register is 
incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 


jjjjjjl UNDEFINED 


MT42C8256 
REV. 4/92 


5-148 


Micron Technology, Inc., reserves the right to change products or specifications without notice 

©1992, Micron Technology, Inc 






ADVANCE 


MICRON 

■ TECHNOLOGY. INC. 


MT42C8256 
256K x 8 VRAM 


MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 

3. QSF * 0 when the Lower SAM (bits 0-255) is being accessed. 


QSF = 1 when the Upper SAM (bits 255-511) is being accessed. 
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ADVANCE 


MICRON 

■ TECHNOLOGY. INC. 


MT42C8256 
256K x 8 VRAM 


MASKED SPLIT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 



2. Programmable stop address or SAM half boundary (255 or 511). See the Programmable Split SAM functiona 
description for detail. 
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256K x 16 DRAM 
WITH 512x16 SAM 


FEATURES 

• Industry standard pinout, timing, and functions 

• High-performance, CMOS silicon-gate process 

• Single +5V ±10% power supply 

• Inputs and outputs are fully TTL compatible 

• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• 512-cycle refresh within 32ms 

• FAST PAGE MODE a ccess with Extended Data Out 

• Upper and lower byte WE control 

• Dual port organization: 256K x 16 DRAM port 

512x16 SAM port 

• No refresh required for serial access memory 

• Low power: lOmW standby; 350mW active, typical 

• Fast access times - 60ns random, 15ns serial 

SPECIAL FUNCTIONS 

• JEDEC Standard Mandatory Function set plus 

• PERSISTENT MASKED WRITE 

• 4 or 8 COLUMN BLOCK WRITE (MASK) 

• MASKED FLASH WRITE 

• MASKED WRITE TRANSFER/SERIAL INPUT 

• MASKED SPLIT WRITE TRANSFER 

• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 

• Timing [DRAM, SAM (cycle/access)] 

60ns, 18/I5ns -6 

70ns, 25 /20ns -7 

80ns, 30 /25ns -8 

• Packages 

Plastic SOP (550 mil) SG 


GENERAL DESCRIPTION 

The MT42C256K16A1 is a high speed, dual port CMOS 
dynamic random access memory, or video RAM (VRAM) 
containing 4,194,304 bits. These bits may be accessed by an 
16-bit wide DRAM port or by a 512 x 16 bit serial access 
memory (SAM) port. Data may be transferred bidirection- 
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is functionally identical 
to the MT4C4256 (256K x 4-bit DRAM), with the addition of 
MASKED WRITE, BLOCK WRITE and FLASH WRITE. 
Sixteen 512-bit data registers make up the serial access 
memory portion of the VRAM. Data I/O and internal data 


PIN ASSIGNMENT (Top View) 

64-Pin SOP 

Vcc x 

1 

64 

XI SC 

TR X 

2 

63 

X SE 

Vss CE 

3 

62 

X Vss 

SDQO CE 

4 

61 

X SDQ15 

DQ0 CE 

5 

60 

X DQ15 

SDQ1 CE 

6 

59 

X SDQ14 

DQ1 CE 

7 

58 

X DQ14 

Vcc CE 

8 

57 

X Vcc 

SDQ2 CE 

9 

56 

X SDQ13 

DQ2 CE 

10 

55 

X DQ13 

SDQ3 CE 

11 

54 

X SDQ12 

DQ3 CE 

12 

53 

X DQ12 

Vss CE 

13 

52 

jX Vss 

SDQ4 CE 

14 

51 

X SDQ11 

DQ4 CE 

15 

50 

X DQ11 

SDQ5 CE 

16 

49 

X SDQ10 

DQ5 CE 

17 

48 

X DQ10 

Vcc CE 

18 

47 

X Vcc 

SDQ6 EE 

19 

46 

X SDQ9 

DQ6 CE 

20 

45 

X DQ9 

SDQ7 CE 

21 

44 

X SDQ8 

DQ7 CE 

22 

43 

X DQ8 

Vss CE 

23 

42 

X Vss 

WEL CE 

24 

41 

X DSF1 

WEU CE 

25 

40 

X DSF2, NC 

RAS CE 

26 

39 

X CAS 

A8 CE 

27 

38 

X QSF, NC 

A7 CE 

28 

37 

X AO 

A6 CE 

29 

36 

X A1 

A5 CE 

30 

35 

X A2 

A4 CE 

31 

34 

X A3 

Vcc CE 

32 

33 

X Vss 






transfer are accomplished using three separate bidirec- 
tional data paths: the 16-bit random access I/O port, the 16 
internal 512 bit wide paths between the DRAM and the 
SAM, and the 16-bit serial 1/ O port for the SAM. The rest of 
the circuitry consists of the control, timing, and address 
decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans- 
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The re fresh 
cycles must be timed so that all 512 combinations of RAS 
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ADVANCE 


MT42C256K1 6A1 
256K x 16 VRAM 


addresses are executed at least every 32ms (regardless of 
sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. An internal transfer 
between the DRAM and the SAM counts as a refresh cycle. 
The SAM portion of the VRAM is fully static and does not 
require any refresh. 

The operation and control of the MT42C256K16A1 are 
optimized for high performance graphics and communica- 


tion designs. The dual port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial, parallel networking and data communica- 
tions. Special features such as SPLIT READ TRANSFER, 
Extended Data Out and BLOCK WRITE allow further en- 
hancements to system performance. 


FUNCTIONAL BLOCK DIAGRAM 
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B TECHNOLOGY. fNC. 


MT43C4257/8 
256K x 4 TPDRAM 


TRIPLE PORT 256K x 4 DRAM WITH 

DRAM DUAL 512x4 SAMS 


FEATURES 

• Three asynchronous, independent, data access ports 

• Fast access times - 80ns random, 25ns serial 

• Operation and control compatible with 1 Meg VRAM 

• High-performance, CMOS silicon-gate process 

• Inputs and outputs are fully TTL compatible 

• Low power: 15mW standby; 500mW active, typical 

• 512-cycle refresh within 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• FAST PAGE MODE access cycles 

• Two bidirectional serial access memories (SAMs) 

• Fully static SAM and Mask Register, no refresh 
required 

• 2,048-bit Bit Mask Register 

• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 

• MASKED WRITE (Write-Per-Bit) 

• PERSISTENT MASKED WRITE 

• SPLIT READ and WRITE TRANSFERS 

• BLOCK WRITE 

• BIT MASKED TRANSFERS 


OPTIONS MARKING 


• Timing [DRAM, SAMs (cycle/access)] 

80ns, 28ns /25ns 

- 8 

100ns, 30ns /27ns 

-10 

• Packages 


Plastic SOJ (400 mil) 

DI 

Plastic TSOP (400 mil) 

TG 

• Functionality 


QSF output 

MT43C4257 

(indicates SAM-half accessed) 


SSF input 

MT43C4258 

(Split SAM special function, stop count) 


GENERAL DESCRIPTION 

The MT43C4257/8 are high speed, triple port CMOS 
lynamic random access memories (TPDRAMs) containing 
,048,576 bits. Data may be accessed by a 4 bit wide DRAM 
>ort or by either of two independently-clocked 512 x 4-bit 
erial access memory (SAM) ports. Data may be transferred 
idirectionally between the DRAM and either SAM. 


PIN ASSIGNMENT (Top View) 

40-Pin SOJ 

(Q-6) 


SCb C 

h 

40 1 

] Vss 

SDQbl C 

1 2 39 1 

3 SDQb4 

SDQb2 [ 

3 

38 

3 SDQb3 

TRM C 

4 

37 

3 SEb 

SCa C 

5 

36 

3 MKD 

SDQal C 

6 35 

3 SDQa4 

SDQa2 [ 

7 

34 

3 SDQa3 

TR/OE [ 

8 

33 

3 SEa 

DQ1 [ 

9 32 

3 DQ4 

DQ2 C 

10 

31 

3 DQ3 

Vcc C 

11 

30 

3 Vss 

ME/WE C 

12 

29 

3 DSF1 

STS C 

13 

28 

3 QSFb/SSFb* 

RAS C 

14 

27 

3 CAS 

DSF2 [ 

15 

26 

3 QSFa/SSFa* 

A8 C 

16 

25 

3 AO 

A6 C 

17 

24 

3 A1 

A5 C 

18 

23 

3 A2 

A4 C 

19 

22 

3 A3 

Vcc [ 

20 

21 

3 A7 


40/44-Pin TSOP** 

(R-5) 


SCb 

SDQbl 

SDQb2 

TRM 

SCa 

SDQal 

SDQa2 

TR/OE 

DQ1 

DQ2 


Vcc 

ME/WE 

STS 

RAS 

DSF2 

A8 

A6 

A5 

A4 

Vcc 



Vss 

SDQb4 


MKD 

SDQa4 


DQ4 

DQ3 


Vss 

DSF1 



AO 
A1 
A 2 
A3 
A7 


*MT43C4257/MT43C4258 
‘‘Consult factory for TSOP availability. 


The DRAM portion of the TPDRAM is functionally iden- 
tical to the MT4C4256 (256K x 4 DRAM). Eight 512-bit data 
registers make up the serial access memory portions of the 
TPDRAM. Data I/O and internal data transfer are accom- 


plished using five separate bidirectional data paths; the 
4-bit random access I/O port, the pair of internal 2,048 bit 
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wide paths between the DRAM and the SAMs, and the pair 
of 4-bit serial 1/ O ports for the SAMs. The rest of the 
circuitry consists of the control, timing and address decod- 
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 4-bit Bit Mask Data regis- 
ter can be parallel loaded from the DRAM or either SAM, or 
serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 


512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require refresh. 

The operation and control of the MT43C4257/8 are 
optimized for high performance graphics and communica- 
tion designs. The triple port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial/ parallel networking and data communica- 
tions. Special features such as SPLIT READ TRANSFER, 
BIT MASKED TRANSFERS and BLOCK WRITE allow fur- 
ther enhancements to system performance. 


FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


SOJ PIN 
NUMBERS 

TSOP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

5 

5 

SCa 

Input 

Serial Clock, SAMa: Clock input to the serial address counter 
for the SAMa registers and strobe for SAMa control and data 
inputs. 

i 

1 

SCb 

Input 

Serial Clock, SAMb: Clock input to the serial address counter 
for the SAMb registers and strobe for SAMb control and data 
inputs. 

8 

8 

. . , . ■ . 

■ '' : 

TFt/OE 

Input 

Transfer Enable: Enables an internal TRANSFER operation at 
the falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

12 

14 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ (ME/WE = 

H) or WRITE (ME/WE = L) cycle when accessing the DRAM. 

This includes a READ TRANSFER (ME/WE = H) or WRITE 
TRANSFER (ME/WE = L). 

33 

37 

SEa 

Input 

Serial Port Enable SAMa: SEa enables Port A serial I/O buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEa is also 
used during a TRANSFER operation to indicate whether a 

WRITE TRANSFER or a SERIAL-INPUT-MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

37 

41 

SEb 

Input 

Serial Port Enable, SAMb: SEb enables Port B serial I/O buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEb is also 
used during a TRANSFER operation to indicate whether a 

WRITE TRANSFER or a SERIAL-INPUT-MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

29 

31 

DSF1 

Input 

Special Function (Control) 1 : DSF1 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

15 

17 

DSF2 

Input 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

14 

16 

RAS 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row-address 
bits and as a strobe for control and data inputs. 

27 

29 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 9 column- 
address bits, enable the DRAM output buffers (along with 

TR/OE), and strobe control and data inputs. 
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PIN DESCRIPTIONS (continued) 


SOJ PIN 
NUMBERS 

TSOP PIN 
NUMBERS 

SYMBOL 

TYPE 

DESCRIPTION 

25, 24, 23, 

22, 19, 18, 

17, 21,16 

27, 26, 25, 
24, 21,20, 

19, 23, 18 

A0-A8 

Input 

Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 

A0 to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

13 

15 

STS 

Input 

SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa = LOW, SAMb = 
HIGH). 

36 

40 

MKD 

Input 

Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD = HIGH at RAS), then MKD is 
used as mask data input and is clocked by SGb into the mask 
data register. 

4 

4 

TRM 

Input 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT 

MASK REGISTER LOAD cycles. 

9,10,31,32 

9,10, 35, 36 

DQ1-DQ4 

Input/ 

Output 

DRAM Data I/O: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load 
cycles; address mask inputs for BLOCK WRITE cycles. 

6, 7, 34, 35 

6, 7, 38, 39 

SDQa1-SDQa4 

Input/ 

Output 

Serial Data I/O, SAMa: Input, Output, or High-Z. 

2, 3, 38, 39 

2, 3, 42, 43 

SDQb1-SDQb4 

Input/ 

Output 

Serial Data I/O, SAMb: Input, Output, or High-Z. 

26 

28 

QSFa/SSFa 

Output 

Split SAM Status, SAMa (MT43C4257): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 



. 

Input 

Split SAM Special Function, SAMa (MT43C4258): SSFa = 

HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

28 

30 

QSFb/SSFb 

Output 

Split SAM Status, SAMb (MT43C4257): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 

- 



Input 

Split SAM Special Function, SAMb (MT43C4258): SSFb = 

HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

11,20 

13, 22 

Vcc 

Supply 

Power Supply: +5V ±5% 

30, 40 

32, 44 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT43C4257/ 8 may be divided into four functional 
blocks: the DRAM and its special functions, the bit mask 
register (BMR), the two serial access memories (SAMs), and 
the DRAM/SAM/BMR transfer circuitry. All the opera- 
tions described below are also shown in the AC Timing 
Diagrams section of this data sheet and are summarized in 
the Functional Truth Table. 

Note: For dual function pins , the function that is not being 

discussed will be surrounded by parentheses. For 
example, the TR/OE pin will be shown as 
TRj(OE) in References to transfer operations. 

DRAM OPERATION 

This section describes the operation of the random access 
port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 

Like any DRAM-based memory, the MT43C4257/8 
TPDRAM must be refreshed to retain data. All 512 row 
address combinations must be accessed within 8ms. The 
MT43C4257/8 support CAS-BEFORE-RAS, RAS ONLY 
and HIDDEN types of refresh cycles. 

For the CAS-BEFORE-RAS REFRESH cycle, the row- 
addresses are generated and stored in an internal address 
counter. The user need not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

For RAS-ONLY REFRESH cycles, the refresh address 
must be generated externally and applied to the A0-A8 
input s. The DQ pins r emain in a Hig h-Z state for both the 
RAS-ONLY and CAS-BEFORE-RAS cycles. 

HI DDEN REFRESH (HR) cycles are performed by tog- 
gling RAS (while keeping CAS LOW) after a READ or 
WRITE cycle. This performs CAS-BEFORE-RAS REFRESH 
cycles but does not disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and BMR portions of the MT43C4257/8 are fully static and 
do not require any refreshing. 

DRAM READ AND WRITE CYCLES (RW) 

The DRAM portion of the TPDRAM is nearly identical to 
standard 256K x 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or "don't 


care" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus- 
sion. In addition, the TPDRAM has several special func- 
tions that may be used when writing to the DRAM. 

The 18 address bits used to select a 4-bit word from the 
262,1 44 a vailab le are latched into the chip using the A0-A8, 
RAS, and CAS inputs. First, the 9 row-address bits are set up 
on the address inputs and docked into the part when RAS 
transitions from HIGH-to-LOW. Next, the 9 column-ad- 
dress bits a re set up on the address inputs and clocked-in 
when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 

TPDRAM. I f RAS is inactive, HI GH, all other DRAM 
control pins (CAS, TR/OE, ME/ WE, etc.) area "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For single port DRAMS, the OE pin is a "don't care" when 
RAS goes LOW. For the TPDRAM, TR/(OE) is used when 
RAS goes LOW to select between DRAM and TRANSFER 
cycles. TR/(OE) must be HIGH at the RAS HIGH-to-LOW 
transition for all DRAM operations. 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cell s selected will appear at the DQ1-DQ4 port. The (TR)/ 
OE input must transition from HIGH-to-LOW some time 
after RAS falls to enable the DRAM output port. 

For single port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the TPDRAM, ME /(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
or a normal WRITE cycle. If ME/(WE) is LOW at the RAS 
HIGH-to-LOW transition, a MASKED WRITE operation is 
selected. For any TPDRAM non-masked access cycle (READ 
or WRITE), ME/ (WE) must be HIGH at theRAS HIGH-to- 
LOW transition. If (ME) / WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQ1-DQ4 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, RE AD-MODIFY - 
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRITE, and FAST-PAGE-MODE READ-MODIFY- 
WRITE. Refer to the AC timing parameters and diagrams in 
the data sheet for more details on these operations. 
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Figure 1 

NONPERSISTENT MASKED WRITE EXAMPLE 


NONPERSISTENT MASKED WRITE (RWNM) 

The MASKED WRITE feature eliminates the need to do a 
READ-MODIFY-WRITE cycle when changing only certain 
bits within a 4-bit word. The MT43C4257/8 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME /(WE), DSF1 and DSF2 are LOW at the RAS 
HIGH- to-LOW transition, the data (mask data) present on 
the DQ1-DQ4 inputs will be written into the mask data 
register. The mask data acts as an individual write enable 
for each of the four DQ1-DQ4 pins. If a LOW (logic 0) is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic 1) on a mask data register bit enables the input 
port and allows normal WRITE operations to proceed. This 


convention is used for all masks on the MT43C 4257 /8. 
Note that CAS is still HIGH. When CAS or (ME) /WE go 
LOW, the bits present on the DQ1-DQ4 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). The DRAM con- 
tents that correspond to the masked bits will not be changed 
during the WRITE cycle. When using NONPERSISTENT 
MASKED WRITE, the data present on the DQ inputs is 
loade d into the mask data register at every falling edge of 
RAS. FAST PAGE MODE can be used in tandem with 
NONPERSISTENT MASKED WRITE to write severa l col- 
umn locations using the same mask during one RAS cycle. 
An example of NONPERSISTENT MASKED WRITE cycle 
is shown in Figure 1. 
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PERSISTENT MASKED WRITE EXAMPLE 


PERSISTENT MASKED WRITE (RWOM) 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME /(WE) 
and DSF1 HIGH, and DSF2 LOW, when RAS goes LOW. 
The m ask data is loaded into the internal register when 
CAS goes LOW, provided DSF1 is LOW (see the LOAD 
MASK REGISTER description). 

PERSISTENT MASKED WRITE cycles may then be per- 
formedby takingME/(WE) and DSF2 LOW and DSF1 HIGH 
when RAS goes LOW. The contents of the mask data regis- 
ter will then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 2 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 


BLOCK WRITE (BW) 

The MT43C4257/8 will perform a BLOCK WRITE cycle if 
DSF1 is HIGH when CAS goes LOW. In BLOCK WRITE 
cycles, the contents of the color register (instead of the DQ 
inputs) are directly written to four adjacent column locations 
(see Figure 3). A total of 16bits will be written simultaneously, 
improving the normal DRAM fill rate by four times. The 
color register must be loaded prior to beginning BLOCK 
WRITE cycles (see LOAD COLOR REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2- A8 inputs are 
used. A2-A8 specify the "block" (out of the 128 possible) of 
four adjace nt column loc ations that will be accessed. When 
the later of ME /WE and CAS go LOW, the DQ inputs are 
latched and used to determine which of the four column 
locations will be written. DQ1 acts as a write enable for 
column location AO = 0, A1 = 0; DQ2 controls column 
locationA0 = l, A1 =0;DQ3 controls AO =0, A1 = l;andDQ4 
controls AO = 1, A1 = 1. The write enable controls are active 
HIGH; a logic 1 enables and a logic 0 disables the WRITE 
function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 
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BLOCK WRITE EXAMPLE 


NONPERSISTENT MASKED BLOCK WRITE (BWNM) 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER- 
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column location. 

Like NONPERSISTENT MASKED WRITE, the combina- 
tion of ME/ (WE) LOW and DSF1 LOW when RAS goes 
LOW, initiates a NONPERSIST ENT M ASK cycle. The DSF 
pin must be driven HIGH when CAS goes LOW to perform 
a NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the four column locations 
may be masked. 


PERSISTENT MASKED BLOCK WRITE (BWOM) 

This cycle is also performed exactly like the normal 
PERSISTENT MASKED WRITE except that DSF1 is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func- 
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERATIONS 

The MT43C4257/8 contains two 4-bit registers that are 
used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 

The LOAD MASK REGISTER operation and timing are 
identi cal to a normal WRITE cycle except that DSF1 is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination of TO / (OE), ME / (WE), and DSF1 being HIGH 
when RAS goes LOW indicat es the cycle is a REGISTER 
load cycle. DSF1 is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 

register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON- 
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOAD MASK REGISTER cycle. except DSF1 is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

This section describes transfer operations between the 
DRAM and either SAM. The direction of the transfer is 
specified with respect to the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer- 
enced from the array. 

Note: The three ports of the TPDRAM are independent and 

asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers to or from the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAM/BMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indic ates which SA M the T RANSFER will 
address. The state of (ME) / WE when RAS goes LOW indi- 
cates the direction of the TRANSFER. At the same time, 
DSF1 is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS- 
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C4257/8 include a feature called BIT MASKED 
TRANSFER, which uses a third 2,048-bit data register to 
individually mask every bit involved in a transfer opera- 
tion. The BIT MASKED TRANSFER may be applied to 
either READ or WRITE TRANSFERS. The TRM pin is used 
to select between NORMAL and BIT MASKED TRANSFER 
(or BIT MASK REGISTER LOAD) cycles. The type of trans- 
fer operation is always selected on the falling edge of RAS. 

NORMAL TRANSFERS 

The MT43C4257/8 support all of the popular transfer 
cycles available on the 1 Meg Video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 

A READ TRANSFER cycle is selected if ( ME)/W E is 
HIGH, and DSF1 a nd TR/(OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the four 512-bit DRAM rows that are 
to be transferred to the four SAM data registers. The column 
address bits indicate the start address (or Tap point) of the 
next serial output cycle from the designated $AM data 
registers. QSF indicates the SAM half being accessed; LOW 


if the lower half, HIGH if the upper half. Performing a 
READ TRANSFER cycle sets the direction of the selected 
SAM's I/O buffers to the output mode. 

To complete a REA L-TIM E R EAD-T RANSFER, TR/(OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ TRANSFER to the 
serial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/(OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the *RSD and *CSD delays (see READ 
TRANSFER AC timing diagram). The 2,048 bits of DRAM 
data are then written into the SAM data registers, and the 
selected SAM's Tap address that was stored in the internal, 
9-bit Tap address register is loaded into the address counter. 
If SE for the SAM selected (SEa for SAMa) is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the next SC clock pulse. SE enables the serial outputs, 
and may be either HIGH or LOW during this operation. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer can 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/(OE) timing is relaxed for SRT cycles. The rising 
edge of TR/ (OE) is not used to complete the TRANSFER 
cycle, and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERS do not change the SAM I/O direc- 
tion. A normal (non-split) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM 1/ O in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT can be initiated by taking DSF1 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in non- 
split transfers, the row address is used to specify the DRAM 
row to be transferred. When an SRT cycle is initiated, the 
half of the SAM not actively being accessed will be the half 
that receives the transfer. When CAS falls, address pins A0- 
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A 7 determine the Tap a ddress for the SAM-half selected; A8 LOW (indicating that row-1 data is shifting out the lower 

= "don't care." If CAS does not fall, the previously loaded SAM) and then transferring the upper half of row 1 to the 

Tap address will be reused and the TRANSFER will be to upper SAM. CAS is used to load the Tap address. If 

the idle half. CAS does not fall, the last Tap address load for the ad- 

Figure 4 shows a typical SRT initiation sequence. The dressed SAM will be reused, 
normal READ TRANSFER is first performed, followed by The split SAM operation is slightly different for the 

an SRT of the same row to the upper half of the SAM. The MT43C4258. Instead of having a QSFjhi&device has a Split 

SRT to the upper half is optional and need only be done if SAM Special Function (SSF) input. With this input the serial 

the Tap for the upper half * 0. For the MT43C4257, serial access may be switched at will from one half of the SAM to 

access continues and when the SAM address counter reaches the other. In other words, the address count may be stopped 

255 (" A8" = 1, AO- A7 = 0), the QSF output for that SAM goes on the current half and the T ap address of the next half may 

HIGH and the Tap address for the upper half is automati- be loaded, without waiting for the maximum address count 

cally loaded. Since the serial access has now switched to the of the current half (255; lower, 511; upper). If no SSF pulse 

upper half of the SAM, new data may be transferred to the is applied, the Tap address of the next half will be automati- 

lower half . This sequence of waiting for the state of QSF to cally loaded when the maximum count of the current SAM- 

change and then transferring new data to the SAM half that half is reached. QSF = 0 when the Lower SAM (bits 0-255) 

is not being accessed may now be repeated. For example, is being accessed. QSF = 1 when the Upper SAM (bits 256- 

the next step in Figure 4 would be to wait until QSF went 511) is being accessed. 



READ TRANSFER 
(NORMAL) 

FROM: Row 0 
TO: Full SAM 

SAM I/O is set to Output 
Mode and serial output 
from Lower SAM begins 
(QSF goes LOW) 


SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: RowO 
TO: Upper SAM 

Serial output from 
Lower SAM continues 


Serial output switches 
from Lower SAM to 
Upper SAM 

1) QSF goes HIGH 

2) SSF = HIGH switches 
half at data count “X”, 
new Tap address loaded 


SPLIT READ TRANSFER 

FROM: Row 1 
TO: Lower SAM 

Serial output from 
Upper SAM continues 
(QSF remains HIGH) 

V7A DON'T CARE 


NOTE: 1) MT43C4257 
2) MT43C4258 


^ UNDEFINED 


Figure 4 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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WRITE TRANSFER (WT) 

The operation of the WRITE TRANSFER is iden tical t o the 
READ TRANSFER described previously, except (ME) /WE 
and SE mustbe LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STS pin is also take n LOW or HIGH to select S AMa or SAMb, 
respectively, when RAS goes LOW. The row address indi- 
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper half. Performing a WT sets the 
direction of the SAM 1/ O buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 

The PSEUDO WRITE TRANSFER cycle may be used to 
change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with the SE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (MWT) 

The data being transferred from either SAM to the DRAM 
may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the four DQ planes (see Figure 5). The 
MWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

DQ MASKED SPLIT WRITE TRANSFER (MSWT) 

The DQ MASKED SPLIT WRITE TRANSFER feature 
makes it possible to input and transfer uninterrupted bit 
streams. Figure 6 shows a typical initiation sequence for 
SWT cycles. 

Like the SRT, the DQ MASKED SPLIT WRITE TRANS- 
FER cycle does not change the state of the SAM I/O 
buffers. A normal, DQ MASKED or PSEUDO WRITE 
TRANSFER cycle is required to set the Tap address and set 
the SAM 1/ O direction to input mode. 

After the WT, a MSWT is performed to enter the split 
SAM operating mode. This sets the Tap for the next half of 
the SAM. The addressed half of the SAM is immediately 



Figure 5 

DQ MASKED WRITE TRANSFER 


transferred to the first destination row. This half of the SAM 
may not yet contain valid data. However, another MSWT to 
the same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an MSWT addressed to any DRAM 
row, but mask (disable) all four of the DQ planes. This 
method can be used to initiate the MSWT sequence without 
disturbing any DRAM data. The MSWT to the upper half is 
optional, it is only needed if the Tap for the upper half 
is*0. 

Write mask data must b e sup plied to the DQ inputs 
during every MSWT cycle at RAS time. The mask data acts 
as an individual write enable for each of the four DRAM DQ 
planes. For example, DQ1, at RAS time, during a MASKED 
WRITE enables or disables the transfer of the SAM SDQ1 
register to the DQ1 plane of the DRAM row selected (see the 
DQ MASKED WRITE TRANSFER description). As in all 
other MASKED WRITE operations, a HIGH enables the 
WRITE TRANSFER andaLOW disables the WRITE TRANS- 
FER. As with SPLIT READ TRANSFER, the half of the SAM 
not receiving data will be the half transferred and the Tap 
address (A0-A7) for the other half is loaded when CAS falls 
(A8 is a "don't care"). If CAS does not fall, the previously 
loaded Tap address, A0-A7, will be reused. The TRANSFER 
will be to the idle half. When the serial clock crosses the half- 
SAM boundary, the new Tap address for that half is auto- 
matically loaded. 
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The QSFa and QSFb outputs (MT43C4257) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
data. After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
half of the SAM may be transferred to any DRAM row. The 
cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 6 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row 0. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded Tap address 
(access will not move to the next half). 

When operating the MT43C4258 in the MSWT mode, the 
address pointer may be changed to the new Tap address of 
the next half when the final desired input data is clocked in. 
When the final data is input, the SSF input is taken HIGH at 


the corresponding rising edge of SC. The next SC rising 
edge will input data into the Tap location of the next half of 
the SAM. If SSF is not applied, the Tap address will be 
automatically loaded when the maximum Tap address 
count is reached for the current half (255 or 511). If SSF is 
HIGH at SC before an MSWT is performed for the next half 
the access will jump to the old Tap address of the same half. 
Access will not proceed to the next half. If terminal count is 
reached before an MSWT, the access will proceed as it does 
for the MT43C4257. 

SERIAL INPUT and SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT- 
PUT are SCa,b, SEa,b and SSFa,b (MT43C4258). The rising 
edge of SC increments the serial address counter and pro- 
vides access to the next SAM location. SE enables or disables 
the serial input/ output buffers. 





J 

PSUEDO WRITE TRANSFER 

) ■ — 

SPLIT WRITE TRANSFER 

7tr~ 

SPLIT WRITE TRANSFER 

FROM: Full SAM 

(OPTIONAL) 

FROM: Upper SAM 

| Serial input switches j 

FROM: Lower SAM 

TO: Oblivion 

TO: Row 0 

i from Lower SAM to ' 

TO: Row 0 

SAM I/O is set to Input 

Serial input to Lower 

! Upper SAM 1 

Serial input to Upper 

Mode and serial input 

SAM continues 

i 1) QSF goes HIGH J 

SAM continues (QSF 

to Lower SAM begins 


; 2) SSF = HIGH switches ; 

remains HIGH) 

(QSF goes LOW) 

NOTE: 1) MT43C4257 

2) MT43C4258 

Figure 6 

! half at data count “X”, ! 

j new Tap address J 

loaded 

DON'T CARE 


TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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Figure 7 

BIT MASKED TRANSFER BLOCK DIAGRAM 


Serial output of the SAM contents will start at the serial 
tap address that was loaded in the SAMa,b address counter 
during the DRAM-TO-SAM TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 4-bit port. SE is used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW-to-HIGH transition, regardless of whether SE is HIGH 
or LOW. For the MT43C4257, the address progresses through 
theSAMand will wrap around (after count 255 or 511) to the 
Tap address of the next half, for split modes. Address count 
will wrap around (after count 51 1) to Tap address 0 if in the 
"full" SAM modes. 

For the 43C4258, the address count will wrap as it does for 
the MT43C4257 or it may be triggered, at will, to the next 
half by the SSF input (split SAM modes). If SSF is HIGH at 
a LOW-to-HIGH transition of SC, the Tap address of the 
next half will be loaded into the address pointer. The 
subsequent LOW-to-HIGH transition of SC will clock data 
from the Tap address of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the serial address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi- 
tion of SC, regardless of the logic level on the SE input. The 


operation of SSF (MT43C4258) is the same as described for 
serial output. 

BIT MASKED TRANSFERS 

This section describes transfers between the DRAM and 
either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED 
TRANSFERS, the bit mask register must first be loaded with 
the mask data. See the next section, BIT MASK REGISTER 
OPERATIONS, for instructions on how to load the bit mask 
register (BMR). 

The BMR is a 2,048-bit register that individually controls 
each of the 2,048 transfer gates on the internal 512 x 4 
transfer bus (see Figure 7). These bus transfer gates reside 
between the DRAM array and the three data registers and 
are set to the "pass-thru" mode for nonmasked transfers. 
For BIT MASKED TRANSFERS, the data in the BMR is 
coupled to the control inputs of the bus transfer gates. A 
logic "1" in the BMR will select the pass-thru (unmasked) 
mode for the corresponding SAM data bit, while a logic "0" 
will select the masked mode for that bit. 

BIT MASKED TRANSFERS may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERS. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERS between the DRAM and either of the two 
SAM registers are possible. Figure 8 illustrates the BIT 
MASKED TRANSFER functions. 
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Figure 8 

BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED READ TRANSFER (BMRT) 

BIT MASKED READ TRANSFER may be used to transfer 
any combination of the 2,048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except that TRM and 
DSF2 are HIGH to select the BIT MASKED feature. If a bit 
in the BMR is a logic "l", the bus connection between the 
corresponding DRAM bit and the selected SAM bit is 
enabled and the data at the destination (one of the SAMs for 
BMRT) will be changed to the source data (the DRAM row 
for BMRT). 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 

The BIT MASKED SPLIT READ TRANSFER operation is 
identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 

Like WRITE TRANSFER, the BIT MASKED WRITE 
TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the 
DRAM. 


BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 

Like the other BIT MASKED TRANSFER cycles, the 
BMSWT is nearly identical to the SPLIT WRITE TRANS- 
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are masked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 256 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 256 SAM bits for that 
row half will be masked by the corresponding 256 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require- 
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 

This section describes how to transfer data to or from the 
Bit Mask Register (BMR) and how to clear the BMR con- 
tents. Data may also be inverted when being transferred 
between the BMR and DRAM. 

BMR READ TRANSFER (BMR-RT) 

Any DRAM row may be transferred to the BMR by using 
the BMR READ TRANSFER function. When RAS falls, TR/ 
(OE) is LOW to select a transfer cycle. TRM is HIGH to 
indicate that the BMR is involved in the TRANSFER cycle, 
and DSF2 is LOW to indicate that the data is to be trans- 
ferred to the BMR (as opposed to using the contents of the 
BMR as bit mask data). The remainder of the timing and 
control required is identical to a normal READ TRANSFER 
cycle. No Tap address is loaded in this TRANSFER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS = LOW) or inverted (STS 
= HIGH) data is transferred to the bit mask register. For all 
transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the serial mask 
input (SMI) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description). MKD is LOW when RAS falls to disable SMI or 
HIGH to enable SMI. After the transfer is completed, the 
MKD pin then acts either as a mask data input to the BMR 
(SMI enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the 4 bit-planes, the data on the MKD pin is 
written to each bit plane simultaneously. 

BMR INVERTED READ TRAN SFER (BMR-IRT) 

If the STS pin is HIGH at RAS time the DRAM data will 
be inverted before being written to the BMR. All 2,048 bits 
involved in the transfer will be complemented. The func- 
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
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MKD is still used to enable or disable the SMI mode There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 

BMR WRITE TRANSFER (BMR-WT) 

The contents of the BMR may also be transferred to any 
DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME)/ WE and DSF2 are LOW and TRM is HIGH when 
RAS falls, to select a write transfer from the BM R. The DQ 
inputs are used to input a DQ bit-plane mask when RAS falls. 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. The MKD input is used to 
enabl e or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-inverted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 

As with the BMR INVERTED READ TRANSFER, the 
2,048 bits involved in the transfer may be inverted while 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 

The contents of either SAM may be transferred to the 
BMR in the same manner that a DRAM row is transferred. 
In this case, DSF1 is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME)/ WE is used 
to indicate the direction of the transfer and must be LOW, 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
low indicates which SAM is involved in the transfer. Since 
i SAM-TO-BMR TRANSFER "reads" data from the SAM, 
:he SAM will be placed into input mode by this transfer 
:ycle. The MKD input is still used to determine if the SMI 
node will be enabled after the transfer is completed. Since 
io DRAM access is involved, it is not necessary to provide 
my particular ROW address at RAS time. However, 
vhichever ROW address is present at RAS time will be used 
ls the address for a RAS-ONLY REFRESH. Since a SAM is 
nvolved in the tran sfer, a new SAM starting address (or 
Tap) will be loaded at GAS time. This address will be loaded 
n to the serial address counter of the SAM selected by STS 
it RAS time. 

4ote: Any SAM/BMR TRANSFER will take the SAM 

involved in the transfer out of the split SAM mode, if 
it was in that mode before the transfer. 

IMR-TO-SAM TRANSFER (BMR-SAM) 

The contents of the BMR may also be transferred to one of 
le SAM registers. The (ME) /WE input is used to indicate 


the direction of the transfer and must be HIGH for a BMR- 
TO-S AM TRANSFER. STS is LOW to select SAMa or HIGH 
to select SAMb as the destination for the BMR data. The 
remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM 
TRANSFER writes new data to the selected SAM register, 
the I/O for the SAM involved will be placed in t he ou tput 
mode and a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 

The entire contents of the BMR can be cleared (set all bit 
LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Un like th e other cycles that access the BMR, 
TRM is LOW at RAS time for the CLEAR BIT MASK REG- 
ISTER function. TR/(OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/ (WE), DSF1 and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS- 
FERS may be used with the CLR-BMR function to set or 
clear, respectively, any DRAM row. The CLR-BMR func- 
tion is used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto- 
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SMI) 

Whenever the BMR is accessed, the MKD input is sensed 
and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the serial mask input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
four of the bit mask register's DQ planes (see Figure 9). The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEb will enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence , the BMR is 
cleared (CLR-BMR) with MKD = HIGH at RAS time to 
enable the SMI mode. Then SAMb is prepared to accept 
input data by performing PSEUDO WRITE TRANSFER. 
The SAM starting address loaded will also apply to the 
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Figure 9 

SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 


BMR. For every address location to which data is written in TRANSFER cycle, if the mask has not been cleared by a 

SAMb, the corresponding address location in the BMR will SAMb TRANSFER or a CLR-BMR cycle. The BMR will not 

be written to the value present on MKD (all four planes of be cleared after a TRANSFER involving SAMa. 
the BMR will be written). After the input of data to SAMb 

is complete, a BIT MASKED WRITE TRANSFER may be POWER UP INITIALIZATION 

performed and only the unmasked data from SAMb will be When Vcc is initially supplied or when refresh is inter- 

transferred to the DRAM. The BMR will be cleared auto- rupted for more than 8ms, the device must be initialized, 
matically after a BIT MASKED WRITE TRANSFER from After Vcc is at specif ied operating conditions, for lOOps 

SAMb, if the device is in the SMI mode. A BMSWT from (minimum), eight RAS cycles must be executed to initialize 
SAMb will clear only half of the BMR. This allows a new the dynamic memory array. When the device is initialized 

mask to be loaded during the next fill of SAMb, without the DRAM 1/ O pins (DQs) are in a High-Z state, regardless 

performing a CLR-BMR cycle. If data is to be masked of the state of (TR)/OE. The DRAM array will contain 

during the BMWT, then MKD is held LOW when the random data. 

corresponding SAMb data is written. If the data is to be The SAM portion of the device is completely static and 

written (unmasked) to the DRAM during the BMWT, then does not require an initialization cycle. Both SAM ports will 

MKD is held HIGH when the corresponding SAMb loca- power-up in the serial input mode (WRITE TRANSFERS] 

tion is written. The function of the MKD pin is dependent on and the SAM I/O pins (SDQs) are in a High-Z state, regard- 

the I/O direction of SAMb. MKD is an input only, if SMI is less of the state of SE ab. Also, SPLIT TRANSFER and SM] 

enabled and SAMb is in input mode. If SMI is enabled and modes are disabled. Both QSF (MT43C4257) outputs maj 
SAMb is in output mode, the MKD input is a "don't care," be in the HIGH or LOW state. The SAMs, as well as the bil 

and no new data may be written to the BMR via MKD. MKD mask, color, and DRAM mask registers all contain randoir 

is also "don't care" if the SMI mode is disabled. Note that the data after power-up. 

mask data loaded via SAMb may also be applied to a SAMa 
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TRUTH TABLE 1 


CODE 

FUNCTION 

RAS falling edge 

CASTALL 

A0-A8 2 

DQ1-DQ4 3 

REGISTERS 

CA$ | TR/UE |me7WE 10 |dSF 1 |DSF2|SEa,SEb|TRM|MKD| STS 

DSF1 

RAS 1 CA$ 

MS | CAS,WF 4 

MASK 1 COLOR 

DRAM OPERATIONS j 

CBR 

CAS-BEFORE-RAS refresh 

0 

X 

I 11 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

— 

— 

ROR 

RAS-ONLY REFRESH 

1 

1 

X 

X 

m 

X 

X 

X 

X 

- 

ROW 

— 

X 


- 

— 

RW 

NORMAL DRAM READ OR WRITE 

1 

1 

1 

0 

0" 

X 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

— 

— 

RWNM 

NONPERSISTENT (LOAD AND USE) 
MASKED WRITE TO DRAM 

1 

1 

0 

0 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOADS 

USE 

— 

RWOM 

PERSISTENT (USE REGISTER) 

MASKED WRITE TO DRAM 

1 

1 

0 

1 

o 11 

x 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

— 

BW 

BLOCK WRITE TO DRAM 
(NO DATA MASK) 

1 

1 

1 

0 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 

(A2-A8) 

X 

COLUMN 

MASK 

~ 

USE 

BWNM 



NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

1 

1 

0 

0 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 

(A2-A8) 

WRITE 

MASK 

COLUMN 

MASK 

LOADS 

USE 

USE 

BWOM 

PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

1 

1 

0 

1 

0" 

J 

x 

X 

X 

X 

1 

ROW 

COLUMN 

(A2-A8) 

x 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS | 

LMR 

LOAD MASK REGISTER 

1 

1 

1 

1 

o 11 

X 

X 

X 

X 

0 

X 5 

X 

X 

WRITE 

MASK 

LOAD 

- 

LCR 

LOAD COLOR REGISTER 

1 

1 

1 

1 

o 11 

X 

X 

X 

X 

1 

X 5 

X 

X 

' . 

COLOR 

DATA 


LOAD 

TRANSFER OPERATIONS | 

RT 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

1 

0 

1 

0 

0 

X 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

‘ 

X 

— 

- 

SRT 9 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

1 

0 

1 

1 

0 

X 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

X 

— 

- 

WT 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

1 

0 

0 

0 

0 

0 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

X 

- 


PWT 

PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

1 

0 

0 

0 

0 

1 

0 

X 

0=SAMa 

1=SAMb 

X 

X 6 

TAP 6 

X 

X 

- 

- 

MSWT 9 

SPLIT WRITE TRANSFER (SPLIT SAM- 
TO-DRAM TRANSFER WITH DQ MASK) 

1 

0 

o 

1 

0 

X 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

- 

- 

MWT 

DQ MASKED WRITE TRANSFER 

1 

0 

0 

0 

1 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

- 

- 
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NOTE: 1 . 0 = LOW (Vil), 1 = HIGH (Vih), X = “don’t care,” — = “not applicable.” 

2. These columns show what must be present on the A0-A8 inputs when RA S falls and when CA S falls . 

3. These columns show what must be present on the DQ1-DQ4 inpu ts wh en RAS fal ls and when CAS falls. 

4. With WRITE cycles, the input data is latched at the falling edge of CAS or M E A/VE, w hicheve r is later. 
Similarly, with READ cycles, the output data is enabled on the falling edge of CAS or TR/OE, whichever is 
later. 

5. The ROW that is addressed will be refreshed, but no particular ROW address is required. 

6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERS, the half 
receiving the transfer is determined by the MSB of the internal address counter. The SAM half not currently 
being accessed will be the half receiving the transfer. 

Column address A8 is a “don’t care” for SPLIT TRANSFERS. 

7. The Serial Mask Input mode (SMI) is enabled (“1”) or disabled (“0”) when the BMR is accessed (see BMR 
OPERATIONS). If SMI is enabled (MKD = “1”), mask data is serially clocked into the BMR with SCb and the 
BMR is automatically cleared after a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER 
cycle from SAMb. For BIT MASKED READ TRANSFERS to any SAM and BIT MASKED WRITE 
TRANSFERS from SAMa, the BMR is not cleared automatically. 

8. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. 

9. SPLIT TRANSFERS 9.do not change SAM I/ O directio n. 

10. SAM I/O dire ction is a function of the state of ME/WE at RAS time. If ME/WE is LOW, then the selected SAM 
is an input; if ME/WE is HIGH, then the SAM is an output (except for SPLIT TRANSFERS). 

1 1 . The MT43C4257/8 operates properly if this state is “X”, but to allow for future functional enhancements it is 
recommended that they are driven as shown in the Truth Table. 
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MICRON 

■ TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) .. 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1.5W 

Short Circuit Output Current 50mA 


^Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 


(0°C<T a <70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 


DC ELECTRICAL CHARACTERISTICS 

(0°C < T a < 70°C; Vcc = 5V +5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

Any input (0V < Vin < Vcc); all other pins not under test = 0V 

II 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0V < Vout < Vcc). 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA, SDQs; -5mA all other outputs) 

Output Low Voltage (Iout = 2.5mA, SDQs; 5mA all other outputs) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 


CAPACITANCE 

(T a = 25°C) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8, TRM, MKD 

Cm 


5 

pF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SCa,b, SEa,b, DSF1 ,2, STS 
SSFa,b 

Cl2 


7 

pF 

2 

Input/Output Capacitance: DQ, SDQa,b 

Ci/o 


9 

PF 

2 

Output Capacitance: QSFa,b 

Co 


9 

pF 

2 


TSOP THERMAL CONSIDERATIONS (preliminary) 


DESCRIPTION 

SYMBOL 

MAX 

UNITS 

NOTES 

Thermal resistance - Junction to Ambient 

oJA 

85 

°c/w 


Thermal resistance - Junction to Case 

oJC 

15 

°c/w 


Maximum Case Temperature 

TC 

110 

°c 
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■ MULTIPORT DRAM 


MICRON 

■ TECHNOLOGY, INC. 


MT43C4257/8 
256K x 4 TPDRAM 


DRAM CURRENT DRAIN; SAMa, SAMb and SERIAL MASK INPUT (SMI) INACTIVE 


(0°C < T A < 70°C; Vcc = 5V ±5%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling; ‘RC = *RC (MIN)) 

Icci 

100 

90 

mA 

3,4 

25 

OPERATING CURRENT: PAGE MODE 
(RAS = Vil CAS = Cycling; 'PC = 'PC (MIN)) 

ICC2 

95 

85 

mA 

3,4 

27 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih, after 8 RAS cycles (MIN)) 

ICC3 

10 

10 

mA 


STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc-0.2V, 

after 8 RAS cycles min). All other inputs > Vcc -0.2V or < Vss +0.2V 

ICC4 

2 

2 

mA 


REFRESH CURRENT: RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC5 

105 

95 

. 

mA 

i 

3, 26 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

105 

95 

mA 

3,5 

26 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 

ICC7 

100 

90 

mA 

3 


SERIAL PORT CURRENT DRAIN; SAMa, SAMb and/or SMI MODE 


(Notes 3, 4) (0°C < T A < 70°C; Vcc = 5V ±5%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT: SERIAL PORT (SAMa/SAMb) 

(SCa/SCb = Cycling; 'SC = 'SC (MIN); SEa/SEb = Vil) 

ICC8 

40 

35 

mA 


OPERATING CURRENT: SMI MODE (SAMb) 

(SCb = Cycling; ‘SC = 'SC (MIN); SEb = Vil) 

ICC9 

20 

20 

mA 


STANDBY CURRENT: SERIAL PORT (SAMa/SAMb) 

Power supply standby current (SCa/SCb = Vih or Vil; SEa/SEb = Vih) 

Iccio 

0 

0 

mA 


STANDBY CURRENT: SMI MODE (SAMb) 

Power supply standby current (SCb = Vih or Vil; SEb = Vih) 

Iccii 

0 

0 

mA 



TOTAL CURRENT DRAIN 


(Notes 3, 4) (0°C < T a < 70°C; Vcc = 5V ±5%) 


ICC(TOTAL) 


DRAM CURRENT (Iccw) + SAMa CURRENT (Ices' or Iccio) + SAMb CURRENT (lees or Iccio) + 
SMI CURRENT (Ices or Icon) [+ 10mA (If DRAM CURRENT = Icc3 or Icc4)] 


Example 1 : 

Operating current (-8) with DRAM operating in Fast Page Mode, SAMa active, SAMb and SMI inactive: 


ICC(TOTAL) 

= DRAM CURRENT (Icc 2 ) + SAMa CURRENT (Ices) + SAMb CURRENT (Iccio) + 

SMI CURRENT (Iccii) [+ 0] 

= 95 + 40 + 0 + 0 = 135mA (MAX) 

Example 2: 

Operating current (-10) with DRAM operating in CMOS Standby, SAMa and SAMb active, SMI active: 

ICC(TOTAL) 

= DRAM CURRENT (Icc4) + SAMa CURRENT (Ices) + SAMb CURRENT (Ices) + 

SMI CURRENT (Icc9)[+ 10] 

= 2 + 35 + 35 + 20 + 10 = 102mA (MAX) 
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MICZRON 

■ TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


- 

8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

l RC 

150 


180 


ns 


READ-MODIFY-WRITE cycle time 

*RWC 

205 


235 


ns 


FAST-PAGE-MODE READ or WRITE 

l PC 

50 


60 


ns 


cycle time 








FAST-PAGE-MODE READ-MODIFY- 

*PRWC 

95 


120 


ns 


WRITE cycle time 








Access time from RAS 

*RAC 


80 


100 

ns 

14, 17 

Access time from CAS 

'CAC 


20 


25 

ns 

15 

Access time from (TR)/OE 

'OE 


20 


25 

ns 


Access time from column address 

l AA 


40 


50 

ns 


Access time from CAS precharge 

'CPA 


45 


55 

ns 


RAS pulse width 

t RAS 

80 

20,000 

100 

20,000 

ns 


RAS pulse width (FAST PAGE MODE) 

tRASP 

80 

100,000 

100 

100,000 

ns 


RAS hold time 

t RSH 

20 


25 


ns 


RAS precharge time 

*RP 

60 


70 


ns 




20 

10,000 

25 

10,000 




Ksa 

80 


100 


ns 




10 


10 


■a 

16 

RAS to CAS delay time 

ESDI 

20 

60 

25 

75 

n 

17 

CAS to RAS precharge time 

*CRP 

5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


ns 


Row address hold time 

l RAH 

12 


15 


ns 


RAS to column 

l RAD 

17 

40 

20 

50 

ns 

18 

address delay time 








Column address setup time 

'ASC 

0 


0 


ns 


Column address hold time 

'CAH 

15 


20 


ns 


Column address hold time 

l AR 

60 


70 


ns 


(referenced to RAS) 








Column address to 

t RAL 

40 


50 


ns 


RAS lead time 








Read command setup time 

tRCS 

0 


0 


ns 


Read command hold time 

tRCH 

0 


0 


ns 

19 

(referenced to CAS) 








Read command hold time 

! rrh 

0 


0 


ns 

19 

(referenced to RAS) 








CAS to output in Low-Z 


3 


3 




Output buffer turn-off delay 

'OFF 

3 

20 

3 

20 

ns 

20, 23 

Output disable 

l OD 

3 

10 

3 

20 

ns 

20, 23 

Output disable hold time from start of WRITE 

^EH 

15 


15 


ns 

28 

Output Enable to RAS delay 

'ORD 

0 


0 


ns 
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■ MULTIPORT DRAM 


MICRON 

I TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


DRAM TIMING PARAMETERS (continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11 , 12, 13) (0°C < T^< +70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-8 

-10 

| 

PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

X \NCS 

0 


0 


ns 

21 

Write command hold time 

'WCH 

15 


20 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

60 


75 


ns 


Write command pulse width 

tWP 

15 


15 


hs 


Write command to RAS lead time 

t RWL 

20 


25 


ns 


Write command to CAS lead time 

*CWL 

20 


25 


ns 


Data-in setup time 

tos 

0 


0 


ns 

22 

Data-in hold time 

tDH 

15 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t)HR 

55 


70 


ns 


RAS to WE delay time 

*RWD 

100 


130 


ns 

21 

Column address 
to WE delay time 

l AWD 

60 


80 


ns 

21 

CAS to WE delay time 

*CWD 

40 


55 


ns 

21 

Transition time (rise or fall) 

*T 

3 

35 

3 

35 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


8 


8 

ms 


RAS to CAS precharge time 

l RPC 

0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

{ CSR 

10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) 

'CHR 

30 


30 


ns 

5 

ME/WE to RAS setup time 

*WSR 

0 


0 


ns 


ME/WE to RAS hold time 

tRWH 

15 


15 


ns 


Mask data to RAS setup time 

x m 

0 


0 


ns 


Mask data to RAS hold time 

*MH 

15 


15 


ns 
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MICRON 

■ TECHNOLOGY, INC. 


MT43C4257/8 
256K x 4 TPDRAM 


TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TR/(OE) LOW to RAS setup time 

*TLS 

0 


0 


ns 


TR/(OE) LOW to RAS hold time 


15 


15 


ns 


TR/(OE) LOW to RAS hold time 

tRTH 

70 

10,000 

80 

10,000 

ns 


(REAL-TIME READ TRANSFER only) 








TR/(OE) LOW to CAS hold time 

tCTH 

20 


25 


ns 


(REAL-TIME READ TRANSFER only) 








TR/(OE) HIGH to SC lead time 

*TSL 

5 


5 


ns 


TR/(OE) HIGH to RAS precharge time 

*TRP 

60 


70 


ns 


TR/(OE) precharge time 

X TR\N 

25 


30 


ns 


First SC edge to TR/(OE) HIGH delay time 

VSD 

15 


15 


ns 


RAS to first SC edge delay time 

*RSD 

80 


95 


ns 


CAS to first SC edge delay time 

tCSD 

25 


30 


ns 


Serial output buffer turn-off delay from RAS 

'SDZ 

10 

50 

10 

50 

ns 


SC to RAS setup time 

l SRS 

30 


30 


ns 


Serial data input to SE delay time 

l SZE 

0 


0 


ns 


RAS to SD buffer turn on time 

l SRO 

10 


15 


ns 


Serial data input delay from RAS 

l SDD 

60 


60 


ns 


Serial data input to RAS delay time 

{ SZS 

0 


0 


ns 


Serial-Input-Mode enable 

! ESR 

0 


0 


ns 


(SE) to RAS setup time 








Serial-Input-Mode enable (SE) to RAS hold time 

l REH 

15 


15 


rts 


TR/(OE) HIGH to RAS setup time 

Vs 

0 


0 


ns 


TR/(OE) HIGH to RAS hold time 

VH 

15 


15 


ns 


DSF, TRM, STS, MKD to RAS setup time 

^SR 

0 


0 


ns 


DSF, TRM, STS, MKD to RAS hold time 

tRFH 

15 


15 


ns 


DSF to RAS hold time 

*FHR 

60 


65 


ns 


DSF to CAS setup time 

X FSC 

0 


0 


ns 


DSF to CAS hold time 

l CFH 

15 


20 


ns 


SC to QSF delay time 

^QD 


35 


40 

ns 

29 

RAS to QSF delay time 

X RQD 


65 


85 

ns 

29 

CAS to QSF delay time 

*CQD 


35 


40 

ns 

29 

TR/OE to QSF delay time 

X TQD 


25 


30 

ns 

29 

SPLIT TRANSFER setup time 

‘STS 

30 


35 


ns 

29 

SPLIT TRANSFER hold time 

*STH 

0 


0 


ns 

29 
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■ MULTIPORT DRAM 



MT43C4257/8 
256K x 4 TPDRAM 


SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

'sc 

28 


30 


ns 


Access time from SC 

'SAC 


25 


27 

ns 

24, 31 

SC precharge time (SC LOW time) 

'SP 

10 


10 



■■ 

SC pulse width (SC HIGH time) 

'SAS 

10 


10 


KHi 

m 

Access time from SE 

'SEA 


15 


20 

ns 

mm 

SE precharge time 

'SEP 

10 


15 


ns 

H 1 

SE pulse width 

<SE 

10 


15 


KSH 

MM 

Serial data out hold time after 

SC HIGH 

tSOH 

5 


5 


m 


Serial output buffer turn off 
delay from ^E 

'SEZ 

3 

12 

3 

15 



Serial data in setup time 


0 


0 


923 

■ 

Serial data in hold time 


10 


10 


1291 

mm 

Serial mask data in setup time 

x m$ 

0 


0 


mm 

WSM 

Serial mask data in hold time 


10 


10 


91 

M 

SERIAL INPUT (Write) Enable 
setup time 


0 


0 


ns 


SERIAL INPUT (Write) Enable 
hold time 


15 


H 


ns 

■ 

SERIAL INPUT (Write) disable 
setup time 




■ 


ns 

■ 

SERIAL INPUT (Write) disable 
hold time 

'S\N\H 

15 


15 


ns 


SSF to SC setup time 

'SFS 

0 


0 


ns 

30 

SSF to SC hold time 

'SFH 

15 


20 


ns 

30 

SSF LOW to SC HIGH delay 

^FD 

5 


5 


ns 

30 
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MICRON 

■ TECHNOLOGY, INC- 


MT43C4257/8 
256K x 4 TPDRAM 


NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±5%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the 
outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any 8 RAS cyc les be fore proper device 
operation is assured. The 8 RAS cycle wake-up should 
be repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume *T = 5ns. 

9. Vih (MIN) and Vil (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). Input signals transition between OV and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data outputs (DQ1-DQ4) is 
H igh-Z . 

12. If CAS = Vil, DRAM data outputs (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 2 TTL gates and lOOpF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < *RCD (MAX). If ‘RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. Assumes that *RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCP. 

17. Operation within the *RCD (MAX) limit ensures that 
*RAC (MAX) can be met. *RCD (MAX) is specified as 
a reference point only; if *RCD is greater than the 
specified *RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

L8. Operation within the fc RAD (MAX) limit ensures that 
*RCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if t RAD is greater than the 
specified *RAD (MAX) limit, then access time is 
controlled exclusively by t AA. 

9. Either *RCH or *RRH must be satisfied for a READ 
cycle. 


20. *00, t OFF and ^EZ define the time when the output 
achieves open circuit (Voh -200mV, Vol +200mV). 
This parameter is sampled and not 100% tested. 

21. hVCS, *RWD, <AWD and *CWD are restrictive 

operating parameters in LATE- WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If HVCS > 
*WCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/OE. If *WCS < 
tWCS (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If *RWD > *RWD 
(MIN), *AWD > *AWD (MIN) and *CWD > *CWD 
(MIN), the cycle is a RE AD- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, t he sta te of the 
output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and *OEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are refer enced to C AS leading edge 
in early WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 50pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. Addresses (A0-A8) change two times or less while 
RAS = Vil. 

26. Addr esses (A0-A8) change once or less while 
RAS = Vil. 

27. Addresses (A0- A8) c hange once or less while 
CAS = Vih and RAS = Vil. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE c ycle. T he 
DQs will provide prev iously read data if CAS 
remains LOW and OE is taken LOW after ^OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

29. Applies to the MT43C4257 only. 

30. Applies to the MT43C4258 only. 

31. *SAC is MAX at 70° C and 4.75V Vcc; 'SOU is MIN at 
0°C and 5.25V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
*SOH = t SAC - output transition time, this is guaran- 
teed by design. 


23. 
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MULTIPORT DRAM 


MICRON 

■ TECHNOLOGY, INC. 


MT43C4257/8 
256K x 4 TPDRAM 


DRAM READ CYCLE 



UNDEFINED 
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| MULTIPORT DRAM 


MICRON 

® TECHNOLOGY, INC. 


MT43C4257/8 
256K x 4 TPDRAM 


WRITE CYCLE FUNCTION TABLE 1 


CODE 

FUNCTION 

LOGIC STATES 2 

RA$ Falling Edge 

CAS Falling Edge 

A 

ME/WE 

B 

DSF1 

c 

DQ (Input) 

D 

mm 

E 

DSF1 

F 

DQ (Input) 

RW 

Normal DRAM WRITE 

1 

0 

X 

0 

0 

DRAM 

RWNM 

NONPERSISTENT (Load and Use) 
MASKED WRITE to DRAM 

0 

0 

Write 

Mask 

0/1 3 

0 

DRAM 

(Masked) 

RWOM 

PERSISTENT (Use Register) 
MASKED WRITE to DRAM 

0 

1 

X 

0/1 3 

0 

DRAM 

(Masked) 

BW 

BLOCK WRITE to DRAM 
(No DQ Mask) 

1 

0 

X 

0/1 3 

1 

Column 

Mask 

BWNM 

NONPERSISTENT (Load and Use) 
MASKED BLOCK WRITE to DRAM 

0 

0 

Write 

Mask 

0/1 3 

1 

Column 

Mask 

BWOM 

PERSISTENT (Use Register) 
MASKED BLOCK WRITE to DRAM 

0 

1 

X 

0/1 3 

1 

Column 

Mask 

LMR 

Load Mask Data Register 

1 

1 

X 

0/1 3 

0 

Write 

Mask 

LCR 

Load Color Register 

1 

1 

X 

0/1 3 

1 

| 

Color 

Mask 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D”, “E” and “F” for the WRITE cycle 
timing diagrams on the following pages. 

2. T RM, MK D and STS are “don’t care” for all WRITE cycles. 

3. If ME/WE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if ME/ WE falls 
after CAS. 
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MICRON 

■ TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


DRAM EARLY-WRITE CYCLE 



NOTE: The logic states of “A”, “B”, “C”, “E” and “F” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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MT43C4257/8 
256K x 4 TPDRAM 


DRAM READ-WRITE CYCLE 

(READ-MODIFY-WRITE CYCLE) 



NOTE: The logic states of “A”, “B”, “C” and “F” determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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MT43C4257/8 
256K x 4 TPDRAM 


MICRON 

■ TECHNOLOGY, INC. 


DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1 2 


tRASP 



NOTE: 1 . READ cycles or READ-MODIFY-WRITE cycles may be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “D”, “E” and “F” determine the type of WRITE operation performed. See the 

Write Cycle Function Table for a detailed description. 
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MT43C4257/8 
256K x 4 TPDRAM 


DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 



JOTE: 1 . READ or WRITE cycles may be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 

2. The logic states of “A”, “B”, “C” and “F” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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g| MULTIPORT DRAM 


DRAM ESS-ONLY REFRESH CYCLE 

(AD DR = A0-A8) 



CS5-BEFORE-ES5 REFRESH CYCLE 




DONT care 
Ejjjjjj UNDEFINED 


NOTE: 1 . The MT43C4257/8 operates with this state as “don’t care,” but to allow for future functional enhancements, it 
is recommended that they be driven as illustrated for system upgradability. 
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MT43C4257/8 
256K x 4 TPDRAM 


piCRON 


DRAM HIDDEN-REFRESH CYCLE 


(READ) (REFRESH) 



'lOTE: 1 . AHIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

ME/WEj=LQW (when CAS goes LOW) and TR/OE = HIGH and the DQ pins stay High-Z. In the TRANSFER 
case, TR/OE = LOW (when RAS goes LOW) and the DQ pins stay High-Z during the refresh period, 
regardless of TR/OE. 

2. The MT43C4257/8 operates with this state as “don’t care,” but to allow for future functional enhancements, it 
is recommended that they be driven as illustrated for system upgradability. 
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MULTIPORT DRAM 


MICRON 

m TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 1 




LOGIC STATES 



RAS Falling Edge 

CODE 

FUNCTION 

A 

B 

c 

0 

E 

F 

G 



ME/WE 

DSF1 

DSF2 

TRM 

STS 

MKD 

DQ(lnput) 

BMR-RT 

BMR READ TRANSFER 
(DRAM-BMR TRANSFER) 

1 

0 

0 

1 

0 

0/1 1 

X 

BMR-IRT 

BMR READ TRANSFER 
(DRAM-unvert-'BMR TRANSFER) 

1 

0 

0 

1 

1 

0/1 1 

X 

BMR-WT 

BMR WRITE TRANSFER 
(BMR-DRAM TRANSFER) 

0 

0 

0 

1 

0 

0/1 1 

Mask 

BMR-IWT 

BMR WRITE TRANSFER 
(BMR-Hnvert-DRAM TRANSFER) 

0 

0 

0 

1 

1 

0/1 1 

Mask 

CLR-BMR 

CLEAR BMR (CLR-BMR) 

1 

1 

1 

0 

X 

0/1 1 

X 



DRAM/BMR TRANSFERS 



NOTE: 1 . Serial Mask Input mode is enab led if MKD = HIGH; disabled if MKD = LOW. 
2. It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 
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|U|IC=RON 


MT43C4257/8 
256K x 4 TPDRAM 


READ TRANSFER CYCLE FUNCTION TABLE 1 



FUNCTION 

LOGIC STATES 

RAS Falling Edge 

A 

DSF1 

B 

DSF2 

c 

TRM 

0 

STS 

E 

MKD 

RW 

READ TRANSFER 

0 

0 

0 

0/1 2 

X 

SRT 

SPLIT READ TRANSFER (DRAM-SAM) 

1 

0 

0 

0/1 2 

X 

BMRT 

BIT MASKED READ TRANSFER 

0 

1 

1 

0/1 2 

X 

BMSRT 

BIT MASKED SPLIT READ TRANSFER 

1 

1 

1 

0/1 2 

X 

BMR-SAM 

BMR-SAM TRANSFER 

1 

0 

1 

0/1 2 

0/1 3 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for READ TRANSFER 
cycle timing diagrams on the following page s. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer is to SAMa; when STS = HIGH, the transfer is to SAMb. 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
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I MULTIPORT DRAM 




READ TRANSFER 14 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 



NOTE: 1 . SSFa , b = “Don’t Care” (MT43C4258). W undefined 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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MICRON 

■ TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


REAL-TIME READ TRANSFER 1 * 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



loaded for the addressed. 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 

4. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-51 1) is being accessed. 

5. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 
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MICRON 

m TECHNOLOGY, INC. 


MT43C4257/8 
256K x 4 TPDRAM 


SPLIT READ TRANSFER 1 2 3 
(SPLIT DRAM-TO-SAM TRANSFER) 



1 . CAS is used to load the Tap address. If CAS does not fall, the last Tap address gg undefined 

loaded for the addressed SAM will be reused for the idle half. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

3. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 
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MICRON 

B TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


WRITE TRANSFER CYCLE FUNCTION TABLE 1 




LOGIC STATES 



RAS^ Falling Edge 

sc 

CODE 

FUNCTION 

A 

B 

c 

0 

E 

F 

G 

H 



DSF1 

DSF2 

DQ 

TRM 

STS 

SE 

MKD 

MKD 

WT 

WRITE TRANSFER 
(SAM-DRAM) 

0 

0 

X 

0 

0/1 2 

0 

X 

- 

PWT 

PSEUDO WRITE 

TRANSFER 

0 

0 

X 

0 

0/1 2 

1 

X 

- 

MSWT 

DQ MASKED SPLIT WRITE 
TRANSFER (SAM— DRAM) 

1 

0 

Mask 

0 

0/1 2 

X 

X 

- 

MWT 

DQ MASKED WRITE 

TRANSFER (SAM-DRAM) 

0 

1 

Mask 

0 

0/1 2 

X 

X 

- 

BMWT 

BIT MASKED WRITE 

TRANSFER (SAM-DRAM) 

0 

1 

X 

1 

0/1 2 

X 

X 

0/1 4 

BMSWT 

BIT MASKED SPLIT WRITE 
TRANSFER (SAM-DRAM) 

1 

1 

Mask 

1 

0/1 2 

X 

X 

0/1 4 

SAM-BMR 

(SAM-BMR) TRANSFER 

1 

0 

X 

1 

0/1 2 

X 

0/1 3 

- 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C“, ”D“, “E” , “F”, “G”, and “H” for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer is to SAMa; when SAM = HIGH, the transfer is to SAMb. 

3. Serial Mask Input (SMI) models enabled if MKD = HIGH and disabled if MKD = LOW. 

4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 
all bit planes of the bit mask register with SCb. A logic “1 ” on MKD will allow data to pass through the mask; a 
logic “0” will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT MASKED 
TRANSFERS to or from SAMa must not take place while mask data is being serially input via SCb and MKD. 
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NOTE: 


WRITE TRANSFER 2 3 4 5 

(When part was previously in the SERIAL OUTPUT mode) 



2. There must be no rising edges on the SC input during this time period. 

3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

4. The logic states of “A", “B”, “C”, “D”, “E”, “F”, “G” and “H” determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. SSFa,b = “don’t care” (MT43C4258). 
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MICRON 

■ TECHNOLOGY. INC. 


MT43C4257/8 
256K x 4 TPDRAM 


NOTE: 


WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 


CAS v!l_ A 


■Q 


rr 




*WSR 

*RWH 



ME/WE V":Z/////ft 




, *FSR 

*RFH 

\ 




■rass vir -mm 

C a, B, D,E : 

w////////////////////////////////////////////////////////////////////////////////m 


l OFFj 

, *MS 

*MH 

, 




°q vjg”: J 

r_ c— ; 

uro, 

l CSD f , 


tTLS 1 

| ( TLH 


TR/OE vjj_. 


SDQa, b ^jOH ^ VALID D , N 


'SAS | 

>SP 

I | 

l r 

tSDH 



‘SDS 


Tj 




y/A DON’T CARE 

1 . GAS is used to load the Tap address. If CAS does not fall, undefined 

the last Tap address loaded for the addressed SAM will be reused. 

2. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, “C”, “D”, “E”, “F”, “G” and “H” determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. SSFa,b = “don’t care” (MT43C4258). 
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MT43C4257/8 
256K x 4 TPDRAM 


SPLIT WRITE TRANSFER 3 
(SPLIT SAM-TO-DRAM TRANSFER) 






TT 


'asc 

1 J 


I TAP ADDR (B) ) 


DS ™ D !fi 




MT43C4257 

*SDH 

id 

tSDS 

*SDH 


‘SDS 

‘SDH 



. 1 



; SDQa, b v|§l - 511 (255) ] 

[ A (256+A) ] 

[ 1+A (257+A) ) 


1- 

‘SQD 








SAM MSB ^ (NOTE 2) 


1 I 

‘SDS | j ‘SDH [ 

LI 

, ‘SDS 1 1 ‘SDH , 

m 

[ A (256+A) ] 

m 

[ 1+A (257+A) 1 


257+B (1+B) 


‘SFS 1 1 ‘SFH 

, ‘SFD 





1 


Y // 1 DON’T CARE 

NOTE: 1 . CAS is used to load the Tap address. If CAS does not fall, the last "gra undefined 

Tap address loaded for the addressed SAM will be reused. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

3. The logic states of “A”, “B”, “C”, “D”, “E” and “H” determine the type of TRANSFER operation performed. See 
the Write Transfer Cycle Function Table. 
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MICRON 
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MT43C4257/8 
256K x 4 TPDRAM 


SAMa or SAMb SERIAL INPUT 


— V|Li — 

SEa, b v|l_ 

tswH 

, ^WIS 

*SWIH 

tsws 



' ' 



7T 

tsc 

V|U — 

SCa, b Vi" / 

l sc 

*sc 



j 


tSAS 

‘SP 

*SAS 

*SP 

tSAS 

X SP 

*SAS 










f \ 


\ / 


*SDH 


. l SDS 

tSDH 



{ SZE 

JSDS 

tSDH 


- * 







SDQa, b v|l _ a - 1 

mm t \ 


; - ; 

MM 


SAMa or SAMb SERIAL OUTPUT 



[jjjjjl UNDEFINED 


NOTE : SEa, SCa and SDQa are used when accessing SAMa and SEb; SCb and SDQb are used when access 
in SAMb. 
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MICRON 

■ TECHNOLOGY. INC. 


MT43C8128/9 
128K x 8 TPDRAM 


TRIPLE PORT 128K X 8 DRAM WITH 
DRAM dual 256 x 8 SAMS 


FEATURES 

• Three asynchronous, independent, data access ports 

• Fast access times - 80ns random, 25ns serial 

• Operation and control compatible with 1 Meg VRAMs 

• High-performance, CMOS silicon-gate process 

• Inputs and outputs are fully TTL compatible 

• Low power: 15mW standby; 550mW active, typical 

• 512-cycle refresh within 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 
and HIDDEN 

• FAST PAGE MODE access cycles 

• Two bidirectional serial access memories (SAMs) 

• Fully static SAMs and Mask Register, no refresh 
required 

• 2,048-bit Bit Mask Register 

• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 

• MASKED WRITE (Write-Per-Bit) 

• PERSISTENT MASKED WRITE 

• SPLIT READ AND WRITE TRANSFERS 

• BLOCK WRITE 

• BIT MASKED TRANSFERS 

OPTIONS MARKING 


• Timing [DRAM, SAMs (cycle /access)] 

80ns, 28ns /25ns 

- 8 

100ns, 30ns /27ns 

-10 

• Packages 


Plastic LCC (750 mil) 

EJ 

• Functionality 


QSF output 

MT43C8128 

(indicates SAM half accessed) 


SSF input 

MT43C8129 

(Split SAM special function, stop count) 


GENERAL DESCRIPTION 

The MT43C8128/9 are high speed, triple port CMOS 
dynamic random access memories (TPDRAM) containing 
1,048,576 bits. Data may be accessed by an 8 bit wide DRAM 
port or by either of two independently-clocked 256 x 8-bit 
serial access memory (SAM) ports. Data maybe transferred 
bidirectionally between the DRAM and the SAMs. 

The DRAM portion of the TPDRAM is functionally iden- 
tical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 


PIN ASSIGNMENT (Top View) 

52-PIN PLCC 

(P-1) 


OOCQQQQO tflOOQ O 111 
(Oh WtOCOCOCDXOMCO C/5IC0 


i n n n n n 




i n n 


7 6 5 4 3 2 u 5251 50494847 
SDQIa [ 8 1 46 3 MKD 

SDQ2a C 9 45 3 SDQ8a 

SDQ3a C 10 44 3 SDQ7a 

SDQ4aC 11 43 3 SDQ6a 

TR/OE C 12 42 3 SDQ5a 

DQ1 C 13 41 3 SEa 

DQ2 C 14 40 3 DQ8 

DQ3 C 15 39 3 DQ7 

DQ4 C 16 38 3 DQ6 

Vccl L 17 37 3 DQ5 

ME/WE C 18 36 3 Vss2 

STS C 19 35 3 DSF1 

RASH 20 34 3 QSFb/SSFb* 

21 22 23 24 25 26 27 28 29 30 31 3233 


J U"U U'CJ UTJ Un UTTUU 
(MNcom^Ntonc 

ll < < < < H<<* 


‘MT43C81 28/MT43C81 29 


data registers make up the serial access memory portions of 
the TPDRAM. Data I/O and internal data transfer are 
accomplished using five separate bidirectional data paths; 
the 8-bit random access I/O port, a pair of internal 2,048 bit 
wide paths between the DRAM and the SAMs, and the pair 
of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing, and address decod- 
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 256 x 8-bit Bit Mask Data Regis- 
ter can be parallel loaded from the DRAM or either SAM, 
or it may be serial loaded through the MKD serial input. 


MT43C8128/9 
=tEV. 4/92 


5-201 


Micron Technology, Inc:, reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 


■ MULTIPORT DRAM 




MULTIPORT DRAM 


MICRON 

■ TECHNOLOGY, INC. 


MT43C8128/9 
128K x 8 TPDRAM 


As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require any refresh. 


The operation and control of the MT43C8128/9 are opti- 
mized for high performance graphics and communication 
designs. The triple port architecture is well suited to buffer- 
ing the sequential data types used in rastor graphics dis- 
play, video windowing, serial /parallel networking and 
data communications. Special features, such as SPLIT 
TRANSFER, BIT MASKED TRANSFERS and BLOCK 
WRITE allow further enhancements to system performance. 


FUNCTIONAL BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


PLCC PIN 

NUMBER 

SYMBOL 

TYPE 

DESCRIPTION 

7 

SCa 

Input 

Serial Clock, SAMa: Clock input to the serial address counter for 
the SAMa registers and strobe for SAMa control and data inputs. 

1 

SCb 

Input 

Serial Clock, SAMb: Clock input to the serial address counter for 
the SAMb registers and strobe for SAMb control and data inputs. 

12 

, 

TR/OE 

Input 

Transfer Enable: Enables an internal TRANSFER operation at 
the falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW), otherwise 
the output buffers are in a high impedance state. 

18 

ME/WE 

Input 

Mask Enable: If ME/WE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: ME/WE is also used to select a READ (ME/WE = 

H) or WRITE (ME/ WE = L) cycle when accessing the DRAM. 

This includes a READ TRANSFER (ME/WE = H) or WRITE 
TRANSFER (ME/WE = L). 

41 

SEa 

Input 

Serial Port Enable SAMa: SEa enables Port A serial I/O buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEa is also 
used during a TRANSFER operation to indicate whether a 

WRITE TRANSFER or a SERIAL INPUT MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

47 

SEb 

Input 

Serial Port Enable, SAMb: SEb enables Port B serial I/O buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEb is also 
used during a TRANSFER operation to indicate whether a 

WRITE TRANSFER or a SERIAL-INPUT-MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

35 

DSF1 

Input 

Special Function (Control) 1 : DSF1 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

21 

DSF2 

Input 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

20 

RAO 

Input 

Row Address Strobe: RAS is used to clock-in the 9 row-address 
bits and as a strobe for control and data inputs. 

33 

CAS 

Input 

Column Address Strobe: CAS is used to clock-in the 8 column- 
address bits, enable the DRAM output buffers (along with 

TR/OE), and strobe control and data inputs. 
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PIN DESCRIPTIONS (continued) 


PLCC PIN 
NUMBER(S) 

SYMBOL 

TYPE 

DESCRIPTION 

31,30, 29, 28, 

25, 24, 27, 22, 

23 

A0-A8 

Input 

Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit 
word out of the 128K available. During TRANSFER operations, 

A0 to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and A0-A7 indicate the SAM start address (when 

CAS goes LOW). A7, A8 = “don’t care” for the start address 
when doing SPLIT TRANSFER. 

19 

STS 

Input 

SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa = LOW, 

SAMb = HIGH). 

46 

MKD 

Input 

Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD = HIGH at RAS), then MKD is 
used as mask data input and is clocked by SCb into the mask 
data register. 

6 

TRM 

Input 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK 
REGISTER LOAD cycles. 

13, 14, 15, 16, 

37, 38, 39, 40 

DQ1-DQ8 

Input/ 

Output 

DRAM Data I/O: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load cycles; 
address mask inputs for BLOCK WRITE cycles. 

8, 9, 10, 11, 

42, 43, 44, 45 

SDQa1-SDQa8 

Input/ 

Output 

Serial Data I/O, SAMa: Input, Output, or High-Z. 

2, 3, 4, 5, 

48, 49, 50, 51 

SDQb1-SDQb8 

Input/ 

Output 

Serial Data I/O, SAMb: Input, Output, or High-Z. 

32 

QSFa/SSFa 

Output 

Split SAM Status, SAMa (MT43C8128): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 



Input 

Split SAM Special Function, SAMa (MT43C8129): SSFa = HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

34 

QSFb/SSFb 

Output 

Split SAM Status, SAMb (MT43C8128): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 



Input 

Split SAM Special Function, SAMb (MT43C8129): SSFb = HIGH 
stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

17, 26 

Vcc 

Supply 

Power Supply: +5V ±5% 

52, 36 

Vss 

Supply 

Ground 
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FUNCTIONAL DESCRIPTION 

The MT43C8128/9 may be divided into four functional 
blocks: the DRAM and its special functions, the bit mask 
register (BMR), the two serial access memories (SAMs), and 
the DRAM/SAM/ BMR transfer circuitry. All the opera- 
tions described below are also shown in the AC Timing 
Diagrams section of this data sheet and are summarized in 
the Functional Truth Table. 

Note: For dual function pins , the function that is not being 

discussed will be surrounded by parentheses. For 
example, when discussing transfer operations the 
TR/OE pin will be shown as TR/(OE). 

DRAM OPERATION 

This section describes the operation of the random access 
port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 

Like any DRAM-based memory, the MT43C8128/9 
TPDRAM must be refreshed to retain data. All 512 row- 
address combinations must be accessed within 8ms. The 
MT43C8128/9 support CAS-BEFORE-RAS,RAS-ONLY and 
HIDDEN types of refres h cycl es. 

For the CAS-BEFORE-RAS REFRESH cycle, the row ad- 
dresses are generated and stored in an internal address 
counter. The user need not supply any address data and 
simply must perform 512 CAS-BEFORE-RAS cycles within 
the 8ms time period. 

For RAS-ONLY REFRESH cycles, the refresh address 
must be generated externally and applied to the A0-A8 
inputs. The DQ pins remain in a High-Z state for both the 
RAS ONLY and CAS-BEFORE-RAS cycles. 

HIDDEN REFRESH (HR ) cycle s are performed by tog- 
gling RAS (while keeping CAS LOW) after a READ or 
WRITE cycle. This performs CAS-BEFORE-RAS cycles but 
does not disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and BMR portions of the MT43C8128/9 are fully static and 
do not require any refreshing. 

DRAM READ AND WRITE CYCLES (RW) 

The DRAM portion of the TPDRAM is nearly identical to 
standard 1256K x 4 DRAMs. However, because several of 
the DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or "don't 


care" states for the DRAM are specified for the TPDRAM. 
These conditions are highlighted in the following discus- 
sion. In addition, the TPDRAM has several special func- 
tions that may be used when writing to the DRAM. 

The 17 address bits used to select an 8-bit word from the 
131,0 72 a vailab le are latched into the chip using the A0-A8, 
RAS, and CAS inputs. First, the 9 row-address bits are set up 
on the address inputs and clocked into the part when RAS 
transitions from HIGH-to-LOW. Next, the 8 column-ad- 
dress bits (A0-A7) are set up on the address inputs and 
clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also ac ts as a "master" chip enable for the 

TPDRAM. If RASis in active, HIGH, all other DRAM 
control pins ( CAS, TR/OE, ME/WE, etc.) area "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For single port DRAMS, the OE pin is a "don 't care" when 
RAS goes LOW. For the TPDRAM, TR/(OE) is used when 
RAS goes LOW to select between DRAM and TRANSFER 
cycles. TR/(OE) must be HIGH at the RAS HIGH-to-LOW 
transition for all DRAM operations. 

If (ME) /WE is HIGH when CAS goes LOW, a DRAM 
READ operationis performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. The (TR)/ 
OE input must transition from HIGH-to-LOW some time 
after RAS falls to enable the DRAM output port. 

For single port DRAMs, WE is a "d on't c are" when RAS 
goes LOW. For the TPDRAM, ME /(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
or a normal WRITE cycle. If ME /(WE) is LOW at the RAS 
HIGH-to-LOW transition, a MASKED WRITE operation is 
selected. For any TPDRAM non-masked acc ess cyc le (READ 
or WRITE), ME/ (WE) must be HIGH at th e RAS HIGH-to- 
LOW transition. If (ME) / WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQ1-DQ8 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, READ-MODIFY- 
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRITE, and FAST-PAGE-MODE RE AD-MODIFY-WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 
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Figure 1 

NONPERSISTENT MASKED WRITE EXAMPLE 


NONPERSISTENT MASKED WRITE (RWNM) 

The MASKED WRITE feature eliminates the need to do a 
RE AD-MODIFY- WRITE cycle when changing only certain 
bits within an 8-bit word. The MT43C8128/9 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKE D WR ITE. 

If ME/(WE), DSF1 and DSF2 are LOW at the RAS HIGH- 
to-LOW transition, the data (mask data) present on the 
DQ1-DQ8 inputs will be written into the mask data register. 
The mask data acts as an individual write enable for each of 
the eight DQ1-DQ8 pins. If a LOW (logic 0) is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
1) on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. This conven- 


tion's used for all masks on th e MT43C8128/9. Note that 
CAS is still HIGH. When CAS or (ME) /WE go LOW, the 
bits present on the DQ1-DQ8 inputs will be either written to 
the DRAM (if the mask data bit was HIGH) or ignored (if 
the mask data bit was LOW). The DRAM contents that 
correspond to the masked bits will not be changed during 
the WRITEcycle. When using NONPERSISTENT MASKED 
WRITE, the data present on the DQ input s is loa ded into the 
mask data register at every falling edge of RAS. FAST PAGE 
MODE may be used in tandem with NONPERSISTENT 
MASKED WRITE to write several column locations using 
the same mask during one RAS cycle. An example of 
NONPERSISTENT MASKED WRITE cycle is shown in 
Figure 2. 
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Figure 2 

PERSISTENT MASKED WRITE EXAMPLE 


PERSISTENT MASKED WRITE (RWOM) 

The PERSISTENT MASKED WRITE feature eliminates 
the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat- 
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME /(WE) 
and DSF1 HIGH, and DSF2 LOW, when RAS goes LOW. 
The mask data is loaded into the internal register when 
CAS goes LOW, provided DSF1 is LOW (see the LOAD 
MASK REGISTER description). 

PERSISTENT MASKED WRITE cycles may then be per- 
forme d by t aking ME / (WE) and DSF2 LOW and DSF1 HIGH 
when RAS goes LOW. The contents of the mask data regis- 
ter will then be used as the mask data for the DRAM inputs. 
Unlike the NONPERSISTENT MASKED WRITE cycle, the 
data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 2 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST PAGE MODE. 


BLOCK WRITE (BW) 

If DSF1 is HIGH when CAS goes LOW, the 
MT43C8128/9 will perform a BLOCK WRITE cycle instead 
of a normal WRITE cycle. In BLOCK WRITE cycles, the 
contents of the color register (instead of the DQ inputs) are 
directly written to four adjacent column locations (see 
Figure 3). A total of 32 bits will be written simultaneously, 
improving the normal DRAM fill rate by four times. The 
color register must be loaded prior to beginning BLOCK 
WRITE cycles (see LOAD COLOR REGISTER). 

The row is ad dresse d as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" (out of the 64 possible) of 
four adjacent column locations that will be accessed. When 
the later of ME /WE and CAS go LOW, the DQ inputs 
latched and used to determine which of the four column 
locations will be written. DQ1 acts as a write enable for 
column location AO = 0, A1 = 0; DQ2 controls column 
location AO = 1, A1 = 0; DQ3 controls AO = 0, A1 = 1 ; and DQ4 
controls AO = 1, A1 = 1. The write enable controls are active 
HIGH; a logic 1 enables and a logic 0 disables the WRITE 
function. 
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Figure 3 

BLOCK WRITE EXAMPLE 


The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 

The MASKED WRITE functions can also be used during 
BLOCK WRITE cycles. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER- 
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRITE, th e comb ina- 
tion of ME/ (WE) LOW and DSF1 LOW when RAS goes 
LOW, initiates a NONPERSIST ENT M ASK cycle. The DSF 
pin must be driven HIGH when CAS goes LOW to perform 


a NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the eight column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 

This cycle is also performed exactly like the normal 
PERSISTENT MASKED WRITE except that DSF1 is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func- 
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERATIONS 

The MT43C8128/9 contains two 8-bit registers that are 
used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 

The LOAD MASK REGISTER operation and timing are 
identi cal to a normal WRITE cycle except that DSF1 is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination of TR/ (OE), ME / (WE), and DSF1 being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSF1 is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 

register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON- 
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col- 
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS- 
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER (LCR) 

A LOAD COLOR REGISTER cycle is identical to the 
LOA D MA SK REGISTER cycle except DSF1 is HIGH 
when CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS- 
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 
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TRANSFER OPERATIONS 

This section describes transfer operations between the 
DRAM and either SAM. The direction of the transfer is 
specified with respect to the DRAM portion of the device. A 
write is referenced to the DRAM array and a read is refer- 
enced from the array. 

Note: The three ports of the TPDRAM are independent and 

asynchronous to one another. Any or all of the ports 
may be accessed simultaneously at the maximum 
allowable frequencies. The only time the ports are 
synchronized is during transfers to or from the DRAM 
and SAM portions of the device. A transfer involving 
a SAM does not affect access from the other SAM port. 
Both SAMs may be accessed during a DRAM/BMR 
transfer operation or any other DRAM access cycle 
other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME)/ WE when RAS goes LOW indi- 
cates the direction of the TRANSFER. At the same time, 
DSF1 is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS- 
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C8128/9 include a feature called BIT MASKED 
TRANSFER, which uses a third 2,048-bit data register to 
individually mask every bit involved in a TRANSFER 
operation. The BIT MASKED TRANSFER may be applied 
to either READ or WRITE TRANSFERS. The TRM pin is 
used to select between NORMAL and BIT MASKED 
TRANSFER (or BIT MASK REGISTER LOAD) cycles. The 
type of transfer operation is always selected on the falling 
edge of RAS. 

NORMAL TRANSFERS 

The MT43C8128/9 support all of the popular transfer 
cycles available on the 1 Meg video RAMs. Each of these is 
described in the following section. 

READ TRANSFER (RT) 

A READ TRANSFER cycle is selected if ( ME) /W E is 
HIGH, and DSF1 a nd TR/ (OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row 
address bits indicate the eight 256-bit DRAM rows that are 
to be transferred to the eight SAM data registers. The 
column address bits indicate the start address (or Tap point) 
of the next serial output cycle from the designated SAM 


data registers. QSF indicates the SAM half being accessed: 
LOW if the lower half; HIGH if the upper half. Performing 
a READ TRANSFER cycle sets the direction of the selected 
SAMs I/O buffers to the output mode. 

To complete a REAL-TIME R EAD-T RANSFER, TR/ (OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ-TRANSFER to the se- 
rial clock, the rising edge of TR/(OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams) . A "regular" READ TRANSFER 
is not sychronized with the SC pin of t he ad dressed SAM. 
This type of RT is performed when TR/ (OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the t RSD and *CSD delays (see READ 
TRANSFER AC timing diagram). The 2,048 bits of DRAM 
data are then written into the SAM data registers, and the 
selected SAM's Tap address that was stored in the internal, 
8-bit Tap address register is loaded into the address counter. 
If SE for the SAM selected (SEa for SAMa) is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the next SC clock pulse. SE enables the serial outputs, 
and may be either HIGH or LOW during this operation. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER cycle eliminates the critical 
transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/(OE) timing is relaxed for SRT cycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle, and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERS do not change the SAM I/O direc- 
tion. A normal (nonsplit) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/O in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT maybe initiated by taking DSF1 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred. When an SRT cycle is initiated, the half of 
the SAM not actively being accessed will be the half that 
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receives the transfer. When CAS falls, address pins A0-A6 
determine the Tap address for the SAM-half selected; A 7 = 
"don't care/' If CAS does not fall, the previously loaded Tap 
address will be reused and the TRANSFER will be to the 
idle half. 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need only be done if 
the Tap for the upper half is * 0. For the MT43C8128, serial 
access continues and when the SAM address counter reaches 
127 ("A 7" = 1, A0-A6 = 0), the QSF output for that SAM goes 
HIGH and the Tap address for the upper half is automati- 
cally loaded. Since the serial access has now switched to the 
upper half of the SAM, new data may be transferred to the 
lower half. This sequence of waiting for the state of QSF to 
change and then transferring new data to the SAM half that 
is not being accessed may now be repeated. For example, 
the next step in Figure 4 would be to wait until QSF went 


LOW (indicating that row-1 data is shifting out the lower 
SAM) and then transferring the upper half of row 1 to the 
upper SAM. CAS is used to load the Tap address. If 
CAS does not fall, the last Tap address load for the ad- 
dressed SAM will be reused. 

The split SAM operation is slightly different for the 
MT43C8129. Instead of having a QSF, this device has a Split 
SAM Special Function (SSF) input. With this input the serial 
access may be switched at will from one half of the SAM to 
the other. In other words, the address count maybe stopped 
on the current half and the T ap address of the next half may 
be loaded, without waiting for the maximum address count 
of the current half (127; lower, 255; upper). If no SSF pulse 
is applied, the Tap address of the next half will be automati- 
cally loaded when the maximum count of the current SAM- 
half is reached.QSF = 0 when the Lower SAM (bits 0-127) is 
being accessed. QSF = 1 when the Upper SAM (bits 128-255) 
is being accessed. 



$r\ 


READ TRANSFER 
(NORMAL) 

FROM: Row 0 
TO: Full SAM 

SAM I/O is set to Output 
Mode and serial output 
from Lower SAM begins 
(QSF goes LOW) 


NOTE: 1) MT43C8128 
2) MT43C8129 


SPLIT READ TRANSFER ! 

(OPTIONAL) | 

FROM: RowO | Serial output switches 

TO: Upper SAM ■ from Lower SAM to 

Serial output from ! Upper SAM 

Lower SAM continues | 1) QSF goes HIGH 

i 2) SSF = HIGH switches 
! half at data count “X”, 

| new Tap address loaded 


SPLIT READ TRANSFER 

FROM: Row 1 
TO: Lower SAM 

Serial output from 
Upper SAM continues 
(QSF remains HIGH) 

V/) DON’T CARE 


UNDEFINED 


Figure 4 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 


MT43C8128/9 
REV. 4/92 


5-210 


Micron Technology, Inc., reserves the right to change products or specifications without notice, 

©1992, Micron Technology, Inc. 





MICRON 

■ TECHNOLOGY. INC. 


MT43C8128/9 
128K x 8 TPDRAM 


WRITE TRANSFER (WT) 

The operation of the WRITE TRANSFER is identical to the 
READ TRANSFER describ ed pre viously, except (ME) /WE 
and SE must be LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STS pin is also taken LOW or HIGH to select SAMa or SAMb, 
respectively, when RAS goes LOW. The row address indi- 
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper half. Performing a WT sets the 
direction of the SAM I/O buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 

The PSEUDO WRITE TRANSFER cycle may be used to 
change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with the SE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (MWT) 

The data being transferred from either SAM to the DRAM 
may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the eight DQ planes (see Figure 5). The 
DMWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

DQ MASKED SPLIT WRITE TRANSFER (MSWT) 

The SPLIT WRITE TRANSFER feature makes it possible 
to input and transfer uninterrupted bit streams. Figure 6 
shows a typical initiation sequence for SWT cycles. 

Like the SRT, the DQ MASKED SPLIT WRITE TRANS- 
FER cycle does not change the state of the SAM I/O buffers. 
A normal, DQ MASKED or PSEUDO WRITE TRANSFER 
cycle is required to set the Tap address and set the SAM 
I/O direction to input mode. 

After the WT, a MSWT is performed to enter the split 
SAM operating mode. This sets the Tap for the next half of 
the SAM. The addressed half of the SAM is immediately 
transferred to the first destination row. This half of the SAM 



Figure 5 

DQ MASKED WRITE TRANSFER 

may not yet contain valid data. However, another MSWT to 
the same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an MSWT addressed to any DRAM 
row, but mask (disable) all eight of the DQ planes. This 
method can be used to initiate the MSWT sequence without 
disturbing any DRAM data. The MSWT to the upper half is 
optional, and it is only needed if the Tap for the upper half 
is * 0. 

Write mask data must be supplied to the DQ inputs 
during every SWT cycle at RAS time. The mask data acts as 
an individual write enable for each of the eight DRAM DQ 
planes. For example, DQ1, at RAS time, during a DQ1 
MASKED WRITE, enables or disables the transfer of the 
SAM SDQ1 register to the DQ1 plane of the DRAM row 
selected (see the DQ MASKED WRITE TRANSFER descrip- 
tion). As in all other MASKED WRITE operations, a HIGH 
enables the WRITE TRANSFER and a LOW disables the 
WRITE TRANSFER. As with SPLIT READ TRANSFER, the 
half of the SAM not receiving data will be the half trans- 
ferred and the Tap address (A0-A6) for the other half is 
loaded when CAS falls (A7 is a "don't care"). If CAS does 
not fall, the previously loaded Tap address, A0-A6, will be 
reused. The TRANSFER will be to the idle half. When the 
serial clock crosses the half-SAM boundary, the new Tap 
address for that half is automatically loaded. 

The QSFa and QSFb outputs (MT43C8128) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
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data. After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
half of the SAM may be transferred to any DRAM row. The 
cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 6 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row 0. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded Tap address 
(access will not move to the next half). 

When operating the MT43C8129 in the MSWT mode, the 
address pointer may be changed to the new Tap address of 
the next half when the final desired input data is clocked-in. 
When the final data is input, the SSF input is taken HIGH at 
the corresponding rising edge of SC. The next SC rising 


edge will input data into the Tap location of the next half of 
the SAM. If SSF is not applied, the Tap address will be 
automatically loaded when the maximum Tap address 
count is reached for the current half (127 or 255). If SSF is 
HIGH at SC before an MSWT is performed for the next half, 
the access will jump to the old Tap address of the same half. 
Access will not preceed to the next half. If terminal count is 
reached before an MSWT, the access will proceed as it does 
for the MT43C8128. 

SERIAL INPUT and SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT- 
PUT are SCa,b, SEa,b and SSFa,b (MT43C8128). The rising 
edge of SC increments the serial address counter and pro- 
vides access to the next SAM location. SE enables or disables 
the serial input/ output buffers. 



SSF 
(NOTE 2) 


PSUEDO WRITE TRANSFER 

FROM: Full SAM 
TO: Oblivion 

SAM I/O is set to Input 
Mode and serial input 
to Lower SAM begins 
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Figure 6 

TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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Figure 7 

BIT MASKED TRANSFER BLOCK DIAGRAM 


Serial output of the SAM contents will start at the serial 
TAP address that was loaded in the SAMa,b address counter 
luring the DRAM-TO-SAM TRANSFER cycle. The SC 
nput increments the address counter and presents the 
zontents of the next SAM location to the 8-bit port. SE is used 
is an output enable during the SAM output operation. The 
»erial address is automatically incremented with every SC 
X)W-to-HIGH transition, regardless of whether SE is 
TIGH or LOW. For the MT43C8128, the address progresses 
hrough the SAM and will wrap around (after count 127 or 
*55) to the Tap address of the next half, for split modes. 
Address count will wrap around (after count 255) to Tap 
iddress 0 if in the "full" SAM modes. For the MT43C8129, 
he address count will wrap as it does for the MT43C8128 or 
t may be triggered, at will, to the next half by the SSF input 
split SAM modes). If SSF is HIGH at a LOW-to-HIGH 
ransition of SC, the Tap address of the next half will be 
Daded into the address pointer. The subsequent LOW-to- 
IIGH transition of SC will clock data from the Tap address 
f the new half. 

SC is also used to clock-in data when the device is in the 
erial input mode. As in the serial output operation, the 
ontents of the serial address counter (loaded when the 
erial input mode was enabled) will determine the serial 
ddress of the first 8-bit word written. SE acts as a WRITE 
NABLE for serial input data and must be LOW for valid 
erial input. If SE = HIGH, the data inputs are disabled and 
le SAM contents will not be modified. The serial address 
Dunter is incremented with every LOW-to-HIGH transi- 
on of SC, regardless of the logic level on the SE input. The 
peration of SSF (MT43C8129) is the same as described for 
;rial output. 


BIT MASKED TRANSFERS 

This section describes transfers between the DRAM and 
either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED 
TRANSFERS, the bit mask register must first be loaded with 
the mask data. See the next section, BIT MASK REGISTER 
OPERATIONS, for instructions on how to load the bit mask 
register (BMR). 

The BMR is a 2,048-bit register that individually controls 
each of the 2,048 transfer gates on the internal 256 x 8 
transfer bus (see Figure 7). These bus transfer gates reside 
between the DRAM array and the three data registers and 
are set to the "pass-thru" mode for nonmasked transfers. 
For BIT MASKED TRANSFERS, the data in the BMR is 
coupled to the control inputs of the bus transfer gates. A 
logic "1" in the BMR will select the pass-thru (unmasked) 
mode for the corresponding SAM data bit, while a logic "0" 
will select the masked mode for that bit. 

BIT MASKED TRANSFERS may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERS. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERS between the DRAM and either of the two 
SAM registers are possible. Figure 8 illustrates the BIT 
MASKED TRANSFER functions. 
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BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 

Like the other BIT MASKED TRANSFER cycles, the 
BMSWT is nearly identical to the SPLIT WRITE TRANS- 
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are m asked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 128 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 128 SAM bits for that 
row-half will be masked by the corresponding 128 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require- 
ments for a normal SPLIT WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 

This section describes how to transfer data to or from the 
Bit Mask Register (BMR) and how to clear the BMR's 
contents. Data may also be inverted when being transferred 
between the BMR and DRAM. 


Figure 8 

BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED READ TRANSFER (BMRT) 

BIT MASKED READ TRANSFER may be used to transfer 
any combination of the 2,048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except that TRM and 
DSF2 are HIGH select the BIT MASKED feature. If a bit in 
the BMR is a logic " 1 ", the bus connection between the 
corresponding DRAM bit and the selected SAM bit is 
enabled and the data at the destination (one of the SAMs for 
BMRT) will be changed to the source data (the DRAM row 
for BMRT). 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 

The BIT MASKED SPLIT READ TRANSFER operation is 
identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 

Like WRITE TRANSFER, the BIT MASKED WRITE 
TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the DRAM. 


BMR READ TRANSFER (BMR-RT) 

Any DRAM row may be transferred to the bit mask 
register by using the BMR READ TRANSFER function. 
When RAS falls, TR/(OE) is LOW to select a transfer cycle. 
TRM is HIGH to indicate that the BMR is involved in the 
TRANSFER cycle, and DSF2 is LOW to indicate that the 
data is to be transferred to the BMR (as opposed to using the 
contents of the BMR as bit mask data) . The remainder of the 
timing and control required is identical to a normal READ 
TRANSFER cycle. No Tap address is loaded in this TRANS- 
FER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS = LOW) or inverted (STS 
= HIGH) data is transferred to the bit mask register. For all 
transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the Serial Mask 
Input (SMI) feature is enabled (see the Functional Truth 
Table). SMI is a special serial input mode that allows mas! 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description) . MKD is LOW when RAS falls to disable SMI 01 
HIGH to enable SMI. After the transfer is completed, tht 
MKD pin then acts either as a mask data input to the BM1 
(SMI enabled) or is "don't care" (SMI disabled). The MKE 
input is tied to the 8 bit-planes, the data on the MKD pin i: 
written to each bit-plane simultaneously. 

BMR INVERTED READ TRAN SFER (BMR-IRT) 

If the STS pin is HIGH at RAS time the DRAM data wil 
be inverted before being written to the BMR. All 2,048 bit: 
involved in the transfer will be complemented. The func 
tionality and logic levels for the other control inputs ar< 
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identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SMI mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 

BMR WRITE TRANSFER (BMR-WT) 

The contents of the BMR may also be transferred to any 
DRAM row by using the BMR WRITE TRANSFER cycle. 
(ME) /WE and DSF2 are LOW and TRM is HIGH when 
RAS falls, to select a write transfer from the BMR. The DQ 
inputs are used to input a DQ bit-plane mask when RAS falls . 
This allows each of the four DQ planes to be write enabled 
or disabled during the BMR-WT. The MKD input is used to 
enable or disable the SMI mode. STS must be LOW at 
RAS time to transfer non-inverted BMR data to the DRAM 
row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 

As with the BMR INVERTED READ TRANSFER, the 
2,048 bits involved in the transfer may be inverted while 
being transferred. Taking STS HIGH at RAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 

The contents of either SAM may be transferred to the 
BMR in the same manner that a DRAM row is transferred. 
In this case, DSF1 is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME) /WE is used 
to indicate the direction of the transfer and must be LOW, 
when RAS falls, for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
now indicates which SAM is involved in the transfer. Since 
a SAM-TO-BMR TRANSFER "reads" data from the SAM, 
the SAM will be placed into input mode by this transfer 
cycle. The MKD input is still used to determine if the SMI 
mode will be enabled after the transfer is completed. Since 
no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, 
whichever ROW ad dress is present at RAS time will be used 
as the address for a RAS-ONLY REFRESH. Since a SAM is 
involved in the transfer, a new SAM starting address (or 
Tap) will be loaded at CAS time. This address will be loaded 
nto the serial address counter of the SAM selected by STS 
it RAS time. 

State: Any SAM/BMR TRANSFER will take the SAM 

involved in the transfer out of the split SAM mode, if 
it was in that mode before the transfer. 


BMR-TO-SAM TRANSFER (BMR-SAM) 

The contents of the BMR may also be transferred to dne of 
the SAM registers. The (ME) /WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR- 
TO-SAM TRANSFER. STS is LOW to select SAMa or HIGH 
to select SAMb as the destination for the BMR data. The 
remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM TRANS- 
FER writes new data to the selected SAM register, the I/O 
for the SAM involved will be placed in the output mode and 
a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 

The entire contents of the BMR can be cleared (set all bit 
LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at MS tune for the CLEAR BIT MASK REG- 
ISTER function. TR/ (OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/ (WE), DSF1 and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS- 
FERS may be used with the CLR-BMR function to set or 
clear, respectively, any DRAM row. The CLR-BMR func- 
tion is used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto- 
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SMI) 

Whenever the BMR is accessed, the MKD input is sensed 
and latc hed in to the BMR control logic. If the MKD pin is 
LOW at RAS time the Serial Mask Input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
eight of the bit mask register's DQ planes (see Figure 9). The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEb will enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR, the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence , the BMR is 
cleared (CLR-BMR) with MKD = HIGH at RAS time to 
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Figure 9 

SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 


enable the SMI mode. Then SAMb is prepared to accept 
input data by performing PSEUDO WRITE TRANSFER. 
The SAM starting address loaded will also apply to the 
BMR. For every address location that to which data is 
written in SAMb, the corresponding address location in the 
BMR will be written to the value present on MKD (all eight 
planes of the BMR will be written). After the input of data 
to SAMb is complete, a BIT MASKED WRITE TRANSFER 
maybe performed and only the unmasked data from SAMb 
will be transferred to the DRAM. The BMR will be cleared 
automatically after a BIT MASKED WRITE TRANSFER 
from SAMb, if the device is in the SMI mode. A BMSWT 
from SAMb will clear on half of the BMR. This allows a new 
mask to be loaded during the next fill of SAMb, without 
performing a CLR-BMR cycle. If data is to be masked 
during the BMWT, then MKD is held LOW when the 
corresponding SAMb data is written. If the data is to be 
written (unmasked) to the DRAM during the BMWT, then 
MKD is held HIGH when the corresponding SAMb loca- 
tion is written. The function of the MKD pin is dependent on 
the I/O direction of SAMb. MKD is an input only, if SMI is 
enabled and SAMb is in input mode. If SMI is enabled and 
SAMb is in output mode, the MKD input is a "don't care," 
and no new data may be written to the BMR via MKD. MKD 


is also "don't care" if the SMI mode is disabled. Note that the 
mask data loaded via SAMb may also be applied to a SAMa 
TRANSFER cycle, if the mask has not been cleared by a 
SAMb TRANSFER or a CLR-BMR cycle. The BMR will not 
be cleared after a TRANSFER involving SAMa. 

POWER UP INITIALIZATION 

When Vcc is initially supplied or when refresh is inter- 
rupted for more than 8ms the device must be initialized. 

After Vcc is at specified operating conditions, for lOOps 
(minimum), eight RAS cycles must be executed to initalize 
the dynamic memory array. When the device is initialized 
the DRAM I/O pins (DQs) are in a High-Z state, regardless 
of the state of (TR)/OE. The DRAM array will contain 
random data. 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power up in the serial input mode (WRITE TRANSFERS) 
and the SAM I/O pins (SDQ's) are in a High-Z state, 
regardless of the state of SE ab. Also, SPLIT TRANSFER and 
SMI modes are disabled. Both QSF (MT43C8128) outputs 
may be in the High or LOW state. Both SAMs as well as bit 
mask, color, and DRAM mask registers all contain random 
data after power-up. 
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MICRON 

Mi TECHNOLOGY. INC. 


MT43C8128/9 
128K x 8 TPDRAM 


TRUTH TABLE 1 


CODE 

FUNCTION 

NAS FALLING EDGE 

CAS FALL 

A0-A8 2 

DQ1-DQ8 3 

REGISTERS 

JM\ TR/OF |WT/WT 0 |dSF1 |DSF2 1 SEa,SEb|TRM | MKD | STS 

DSF1 

RAS |cAS,A8=X 

RAS | CAS, WE 4 

MASK | COLOR 

DRAM OPERATIONS | 

CBR 

CAS-BEFORE-RAS REFRESH 

0 

X 

I 11 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

- 

- 

ROR 

RAS-ONLY REFRESH 

1 

1 

X 

X 

X 

X 

X 

X 

X 

— 

ROW 

— 

X 

— 

— 

— 

RW 

NORMAL DRAM READ OR WRITE 

1 

1 

1 

0 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

— 


RWNM 

NONPERSISTENT (LOAD AND USE) 
MASKED WRITE TO DRAM 

1 

1 

0 

0 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

WRITE 

MASK 

VALID 

DATA 

LOAD & 
USE 

— 

RWOM 

PERSISTENT (USE REGISTER) 

MASKED WRITE TO DRAM 

1 

1 

0 

1 

o 11 

X 

X 

X 

X 

0 

ROW 

COLUMN 

X 

VALID 

DATA 

USE 

— 

BW 

BLOCK WRITE TO DRAM 
(NO DATA MASK) 

1 

1 

1 

0 

o 11 

X 

X 

x 

X 

1 

ROW 

COLUMN 

(A2-A7) 

X 

COLUMN 

MASK 

- 

USE 

BWNM 

NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

1 

1 

0 

0 

o 11 

X 

X 

X 

X 

1 

ROW 

COLUMN 

(A2-A7) 

WRITE 

MASK 

COLUMN 

MASK 

LOAD & 
USE 

USE 

BWOM 

PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

1 

1 

0 

1 

o 11 

X 

X 

x 

X 

1 

ROW 

COLUMN 

(A2-A7) 

X 

COLUMN 

MASK 

USE 

USE 

REGISTER OPERATIONS j 

LMR 

LOAD MASK REGISTER 

1 

1 

i 

1 

o 11 

X 

X 

X 

X 

0 

X s 

X 

X 

WRITE 

MASK 

LOAD 

— 

LCR 

LOAD COLOR REGISTER 

1 

1 

1 

1 

o 11 

X 

X 

X 

X 

1 

X 6 

X 

X 

COLOR 

DATA 

— 

LOAD 

TRANSFER OPERATIONS j 

RT 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

1 

0 

1 

0 

0 

X 

0 

X 

If 

X 

ROW 

TAP 6 

X 

X 

- 


SRT 9 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

1 

0 

1 

1 

0 

X 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

X 

— 

~ 

WT 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

1 

0 

0 

0 

0 

0 

0 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

X 

— 

— 

PWT 

PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

1 

0 

0 

0 

0 

1 

0 

X 

0=SAMa 

1=SAMb 

X 

X 5 

TAP 6 

X 

' ■ 

X 


— 

MSWT 9 

SPLIT WRITE TRANSFER (SPLIT SAM- 
TO-DRAM TRANSFER DQ WITH MASK) 

1 

0 

0 

1 

0 

X 

0 

X 

0=SAMa 

1=SAMb 

x 

ROW 

TAP 6 

DQ 

MASK 

X 



MWT 

DQ MASKED WRITE TRANSFER 

1 

0 

0 

0 

1 

X 

0 

X 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

- 

— 
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H MULTIPORT DRAM 



TRUTH TABLE 1 




MS FALLING EDGE 

CAS FALL 

A0-A8 2 

DQ1-DQ8 3 

REGISTERS 

CODE 

FUNCTION 

CfiF | m/UF |WF/WF ,0 | DSF1 |DSF2 |5Ea,51b|TRM I MKD | 

STS DSF1 

MS |CAS,A8=X 

MS |cas,wf 4 

MASK | COLOR 


BIT MASK REGISTER OPERATIONS 


BMR- 

RT 

BMR READ TRANSFER 
(DRAM-BMR TRANSFER) 

1 

0 

1 

0 

0 

X 

1 

0/1 7 

0 

X 

ROW 

X 

X 

X 

- 

- 

BMR- 

IRT 

BMR REAP TRANSFER 
(DRAM— INVERT-BMR TRANSFER) 

1 

0 

1 

0 

0 

X 

1 

0/1 7 

1 

X 

ROW 

X 

X 

X 

— 

— 

BMR- 

WT 

BMR WRITE TRANSFER 
(BMR— DRAM TRANSFER) 

1 

0 

0 

0 

0 

X 

1 

0/1 7 

0 

X 

ROW 

X 

DQ 

MASK 

X 

— 

— 

BMR- 

IWT 

BMR WRITE TRANSFER 
(BMR— INVERT— DRAM TRANSFER) 

1 

0 

0 

0 

0 

X 

1 

0/1 7 

1 

X 

ROW 

X 

DQ 

MASK 

X 

— 

— 

SAM- 

BMR 

SAM— BMR TRANSFER 

1 

0 

0 

1 

0 

X 

1 

0/1 7 

0=SAMa 

1=SAMb 

X 

X 5 

TAP 6 

X 

x 

— 

— 

BMR- 

SAM 

BMR— SAM TRANSFER 

1 

0 

; 

1 

1 

0 

X 

1 

0/1 7 

0=SAMa 

1=SAMb 

X 

X 5 

TAP 6 

X 

x 

— 

— 

CLR- 

BMR 

CLEAR BIT MASK REGISTER 
(SETS BMR TO ALL “0’s”) 

1 i 

; 

0 

1 

1 

1 

X 

0 

0/1 7 

X 

X 

X 5 

X 

X 

X 


— 


BIT MASKED TRANSFER OPERATIONS 


BMRT 

BIT MASKED READ TRANSFER 
(BM DRAM-SAM TRANSFER) 

1 

0 

1 

0 

1 

X 

1 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

X 

— 

- 

BMSRT 9 

BIT MASKED SPLIT READ TRANSFER 
(BM SPLIT DRAM-SAM TRANSFER) 

1 

0 

1 

1 

1 

X 

1 

X 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

X 

x 

— 

— 

BMWT 

BIT MASKED WRITE TRANSFER 
(BM SAM-DRAM TRANSFER) 

1 

0 

0 

0 

1 

X 

1 

X 8 

0=SAMa 

1 =SAMb 

X 

ROW 

TAP 6 

X 

X 

— 

— 

BMSWT 9 

BIT MASKED SPLIT WRITE TRANSFER 
(BM SPLIT SAM-DRAM TRANSFER) 

1 

0 

0 ' 

1 

1 

X 

1 

X 8 

0=SAMa 

1=SAMb 

X 

ROW 

TAP 6 

DQ 

MASK 

X 

— 

— 


NOTE: 1.0 = LOW (Vil), 1 = HIGH (Vih), X = “don’t care,” - = “not applicable.” __ 

2. These columns show what must be present on the A0-A8 inputs when RA S falls and A0-A7 wh en C AS falls. 

3. These columns show what must be present on the DQ1-DQ8 inpu ts wh en RAS fal ls and when CAS falls. 

4. With WRITE cycles, the input data is latched at the falling edge of CAS or M E/WE, w hicheve r is later. 
Similarly, with READ cycles, the output data is enabled on the falling edge of CAS or TR/OE, whichever is 
later. 

5. The row that is addressed will be refreshed, but no particular ROW address is required. 

6. Tap Address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERS, the half 
receiving the transfer is determined by the MSB of the internal address counter. The SAM half not currently 
being accessed will be the half receiving the transfer. 

Column address A7 is a “don’t care” for SPLIT TRANSFERS. 

7. The Serial Mask Input mode (SMI) is enabled (“1”) or disabled (“0”) when the BMR is accessed (see BMR 
OPERATIONS). If SMI is enabled (MKD = “1”), mask data is serially clocked into the BMR with SCb and the 
BMR is automatically cleared after a BIT MASKED WRITE or BIT MASKED SPLIT WRITE TRANSFER 
cycle from SAMb. For BIT MASKED READ TRANSFERS to any SAM and BIT MASKED WRITE 
TRANSFERS from SAMa, the BMR is not cleared automatically. 

8. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. 

9. SPLIT TRANSFERS do not change SAM I/O direction . __ __ _ 

10. SAM I/O direction is a function of the state of ME/WE at RAS time. If ME/WE is LOW, then the selected SAM 
is an input; if ME/WE is HIGH, then the SAM is an output (except for SPLIT TRANSFERS). 

1 1 . The MT43C8 128/9 operates properly if this state is “X”, but to allow for future functional enhancements it is 
recommended that they are driven as shown in the Truth Table. 
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MICRON 

■ TECHNOLOGY. INC. 


MT43C8128/9 
128K x 8 TPDRAM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on Vcc Supply Relative to Vss -IV to +7V 

Operating Temperature, T A (Ambient) 0°C to +70°C 

Storage Temperature (Plastic) -55°C to +150°C 

Power Dissipation 1.5W 

Short Circuit Output Current 50mA 


’•'Stresses greater than those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi- 
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 

(0°C < T A < 70°C) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Supply Voltage 

Vcc 

4.75 

5.25 

V 

1 

Input High (Logic 1) Voltage, All Inputs 

VlH 

2.4 

Vcc+1 

V 

1 

Input Low (Logic 0) Voltage, All Inputs 

VlL 

-1.0 

0.8 

V 

1 



DC ELECTRICAL CHARACTERISTICS 

;o°C < T a < 70°C; Vcc = 5V ±5%) 


PARAMETER/CONDITION 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

INPUT LEAKAGE CURRENT 

Any input (0V < Vin < Vcc); all other pins not under test = 0V 

lL 

-10 

10 

pA 


OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0V < Vout < Vcc). 

loz 

-10 

10 

pA 


OUTPUT LEVELS 

Output High Voltage (Iout = -2.5mA) 

Output Low Voltage (Iout = 2.5mA) 

VOH 

2.4 


V 

1 

VOL 


0.4 

V 


CAPACITANCE 

T a = 25°C) 


PARAMETER 

SYMBOL 

MIN 

MAX 

UNITS 

NOTES 

Input Capacitance: A0-A8, TRM, MKD 

Cn 


5 

pF 

2 

Input Capacitance: RAS, CAS, ME/WE, TR/OE, SCa,b, SEa,b, DSF1 ,2, STS 
SSFa,b 

Cl2 


7 

PF 

2 

Input/Output Capacitance: DQ, SDQa,b 

Ci/o 


9 

PF 

2 

Output Capacitance: QSFa,b 

Co 


9 

PF 

2 
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g MULTIPORT DRAM 


fullCRON 


MT43C8128/9 
128K x 8 TPDRAM 


DRAM CURRENT DRAIN; SAMa, SAMb and SERIAL MASK INPUT (SMI) INACTIVE 


(0°C < T A < 70°C; Vcc = 5V ±5%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT 

(RAS and CAS = Cycling; 'RC = 'RC (MIN)) 

Icci 

105 

95 

mA 

3,4 

25 

OPERATING CURRENT: PAGE MODE 
(RAS = Vil CAS = Cycling; ‘PC = 'PC (MIN)) 

ICC2 

100 

90 

mA 

3,4 

27 

STANDBY CURRENT: TTL INPUT LEVELS 

Power supply standby current (RAS = CAS = Vih, after 8 RAS cycles (MIN)) 

ICC3 

10 



■ 

STANDBY CURRENT: CMOS INPUT LEVELS 

Power supply standby current (RAS = CAS = Vcc-0.2V, 

after 8 RAS cycles min). All other inputs > Vcc -0.2V or < Vss +0.2V 

ICC4 

2 

2 

mA 


REFRESH CURRENT; RAS-ONLY 
(RAS = Cycling; CAS = Vih) 

ICC5 

110 

100 

mA 

3, 26 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

ICC6 

110 

100 

mA 

3,5 

26 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER 

ICC7 

105 

95 

mA 

3 


SERIAL PORT CURRENT DRAIN; SAMa, SAMb and/or SMI MODE 


(Notes 3, 4) (0°C < T A < 70°C; Vcc = 5V ±5%) 

MAX 


PARAMETER/CONDITION 

SYMBOL 

-8 

-10 

UNITS 

NOTES 

OPERATING CURRENT: SERIAL PORT (SAMa/SAMb) 

(SCa/SCb = Cycling; 'SC = 'SC (MIN); SEa/SEb = Vil) 

ICC8 

45 

40 

mA 


OPERATING CURRENT: SMI MODE (SAMb) 

(SCb = Cycling; 'SC = 'SC (MIN); SEb = Vil) 

ICC9 

20 

20 

mA 


STANDBY CURRENT: SERIAL PORT (SAMa/SAMb) 

Power supply standby current (SCa/SCb = Vih or Vil; SEa/SEb = Vih) 

Iccio 

0 

0 

mA 


STANDBY CURRENT: SMI MODE (SAMb) 

Power supply standby current (SCb = Vih or Vil; SEb = Vih) 

Iccii 

0 

0 

mA 



TOTAL CURRENT DRAIN 


(Notes 3, 4) (0°C < T A < 70°C; Vcc = 5V ±5%) 


ICC(TOTAL) 


DRAM CURRENT (lcci-7) + SAMa CURRENT (Ices or Iccio) + SAMb CURRENT (Ices or Iccio) + 
SMI CURRENT (Icc9 or Icon) [+ 10mA (If DRAM CURRENT = lees or Icc4)] 


Example 1 : 

Operating current (-8) with DRAM operating in Fast Page Mode, SAMa active, SAMb and SMI inactive: 


ICC(TOTAL) 


DRAM CURRENT (Icc 2 ) + SAMa CURRENT (Ices) + SAMb CURRENT (Iccio) + 
SMI CURRENT (lccii)[+ 0] 

100 + 45 + 0 + 0 = 145mA (MAX) 


Example 2: 

Operating current (-10) with DRAM operating in CMOS Standby, SAMa and SAMb active, SMI active: 


ICC(TOTAL) 


= DRAM CURRENT (Icc4) + SAMa CURRENT (Ices) + SAMb CURRENT (Ices) + 
SMI CURRENT (Iccg) [+10] 

= 2 + 40 + 40 + 20 + 10 = 1 12mA (MAX) 
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MICRON 

B TECHNOLOGY. INC. 


MT43C8128/9 
128K x 8 TPDRAM 


DRAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Random READ or WRITE cycle time 

>RC 

150 


180 


ns 


READ-MODIFY-WRITE cycle time 

tRWC 

205 


235 


ns 


FAST-PAGE-MODE READ or WRITE 
cycle time 

'PC 

50 




H 


FAST-PAGE-MODE READ-MODIFY- 
WRITE cycle time 






| 


Access time from RAS 



80 


100 


uau 

Access time from CAS 



20 


25 

ns 

15 

Access time from (TR)/OE 

x OE 




25 

ns 


Access time from column address 

X AA 


40 


50 

ns 


Access time from CAS precharge 



45 


55 

ns 


RAS pulse width 




HfH 




HAS pulse width (FAST PAGE MODE) 


80 




■39 




20 


25 


ns 


RAS precharge time 

*RP 

60 


70 


ns 


CAS pulse width 

*CAS 

20 

10,000 

25 

10,000 

ns 


CAS hold time 

X CSH 

80 


100 


ns 


CAS precharge time 

X CP 

10 


10 


ns 

16 

RAS to CAS delay time 

*RCD 

20 

60 

25 

75 

ns 

17 

CAS to RAS precharge time 

l CRP 

5 


5 


ns 


Row address setup time 

*ASR 

0 


0 


ns 


Row address hold time 

l RAH 

12 


15 


ns 


RAS to column 
address delay time 

l RAD 

17 

40 

20 



U 

Column address setup time 

x asc 

0 


0 


ns 


Column address hold time 

^AH 

15 


20 


ns 


Column address hold time 
(referenced to RAS) 

*AR 

60 


70 



U 

Column address to 

RAS lead time 

X RAL 

40 


50 




Read command setup time 

'RCS 

0 


0 




Read command hold time 
(referenced to CAS) 

X RCH 

0 


0 


1 

m 

Read command hold time 
(referenced to RAS) 

X RRH 

0 


0 




CAS to output in Low-Z 

'CLZ 

3 


3 


ns 


Output buffer turn-off delay 

toFF 

3 

20 

3 

20 

ns 

20, 23 

Output disable 

‘OD 

3 

10 

3 

20 

ns 

20, 23 

Output disable hold time from start of WRITE 

'OEH 

15 


15 


ns 

28 

Output Enable to RAS delay 

x ORD 

0 

i 

0 


ns 
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■ MULTIPORT DRAM 


MICRON 

■ TECHNOLOGY. INC. 


MT43C8128/9 
128K x 8 TPDRAM 


DRAM TIMING PARAMETERS (continued) 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3) (0°C < T A < +70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Write command setup time 

l WCS 

0 


0 


ns 

21 

Write command hold time 

tWCH 

15 


20 


ns 


Write command hold time 
(referenced to RAS) 

*WCR 

60 


75 


ns 


Write command pulse width 

l WP 

15 


15 


ns 


Write command to RAS lead time 

t RWL 

20 


25 


ns 


Write command to CAS lead time 

! cwl 

20 


25 


ns 


Data-in setup time 

X DS 

0 


0 


ns 

22 

Data-in hold time 

tlH 

20 


20 


ns 

22 

Data-in hold time 
(referenced to RAS) 

t>HR 

60 


70 


ns 


RAS to WE delay time 

*RWD 

100 


130 


ns 

21 

Column address 
to WE delay time 

l AWD 

60 


80 


ns 

21 

CAS to WE delay time 

l CWD 

40 


60 


ns 

21 

Transition time (rise or fall) 

*T 

3 

35 

3 

35 

ns 

9, 10 

Refresh period (512 cycles) 

*REF 


8 


8 

ms 


RAS to CAS precharge time 

*RPC 

0 


0 


ns 


CAS setup time 
(CAS-BEFORE-RAS refresh) 

*CSR 

10 


10 


ns 

5 

CAS hold time 

(CAS-BEFORE-RAS refresh) . 

*CHR 

30 


30 


ns 

5 

ME/WE to RAS setup time 

*WSR 

0 


0 


ns 


ME/WE to RAS hold time 

t RWH 

15 


15 


ns 


Mask data to RAS setup time 

*MS 

0 


0 


ns 


Mask data to RAS hold time 

'MH 

15 


15 


ns 
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MICRON 

B TECHNOLOGY, INC. 


MT43C8128/9 
128K x 8 TPDRAM 


TRANSFER AND MODE CONTROL TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 10) (0° C < T A < + 70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

TR/(OE) LOW to RAS setup time 

nrs 

0 


0 


ns 


TR/(OE) LOW to RAS hold time 

l TLH 

15 

10,000 

15 

10,000 

ns 


TR/(OE) LOW to RAS hold time 
(REAL-TIME READ TRANSFER only) 

*RTH 

70 

10,000 

80 

10,000 

ns 


TR/(OE) LOW to CAS hold time 
(REAL-TIME READ TRANSFER only) 

tCTH 

20 


25 


ns 


TR/(OE) HIGH to SC lead time 

*TSL 

5 


5 


ns 


TR/(0E) HIGH to RAS precharge time 

*TRP 

60 


70 


ns 


TR/(OE) precharge time 

l TRW 

25 


30 


ns 


First SC edge to TR/(OE) HIGH delay time 

l TSD 

15 


15 


ns 


RAS to first SC edge delay time 

*RSD 

80 


95 


ns 


CAS to first SC edge delay time 

{ CSD 

25 


30 


ns 


Serial output buffer turn-off delay from RAS 

{ SDZ 

10 

50 

10 

50 

ns 


SC to RAS setup time 

l SRS 

30 


30 


ns 


Serial data input to SE delay time 

*SZE 

0 


0 


ns 


RAS to SD buffer turn-on time 

l SRO 

10 


15 


ns 


Serial data input delay from RAS 

*SDD 

60 


60 


ns 


Serial data input to RAS delay time 

tszs 

0 


0 


ns 


Serial Input Mode enable 
(SE) to RAS setup time 

*ESR 

0 


0 


ns 


Serial Input Mode enable (SE) to RAS hold time 

l REH 

15 


15 


ns 


TR/(0E) HIGH to RAS setup time 

*YS 

0 


0 


ns 


TR/(OE) HIGH to RAS hold time 

*YH 

15 


15 


ns 


DSF, TRM, STS, MKD to RAS setup time 

*FSR 

0 


0 


ns 


DSF, TRM, STS, MKD to RAS hold time 

l RFH 

15 


15 


ns 


DSF to RAS hold time 

*FHR 

60 


65 


ns 


DSF to CAS setup time 

*FSC 

0 


0 


ns 


DSF to CAS hold time 

{ CFH 

15 


20 


ns 


SC to QSF delay time 

'SQD 


35 


40 

ns 

29 

RAS to QSF delay time 

l RQD 


65 


85 

ns 

29 

CAS to QSF delay time 

'CQD 


35 


40 

ns 

29 

TR/OE to QSF delay time 

{ TQD 


25 


30 

ns 

29 

SPLIT TRANSFER setup time 

•STS 

30 


35 


ns 

29 

SPLIT TRANSFER hold time 

'STH 

0 


0 


ns 

29 
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MICRON 

■ TECHNOLOGY. INC. 


MT43C8128/9 
128K x 8 TPDRAM 


SAM TIMING PARAMETERS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes 6, 7, 8, 9, 1 0) (0° C < T A < + 70°C; Vcc = 5V ±5%) 


AC CHARACTERISTICS 


-8 

-10 



PARAMETER 

SYM 

MIN 

MAX 

MIN 

MAX 

UNITS 

NOTES 

Serial clock cycle time 

'SC 

28 


30 


ns 


Access time from SC 

•sac 


25 


27 

ns 

24, 31 

SC precharge time (SC LOW time) 

'SP 

10 


10 


ns 


SC pulse width (SC HIGH time) 

'SAS 

10 


10 


ns 


Access time from SE 

*SEA 


15 


20 

ns 

24 

SE precharge time 

l SEP 

10 


15 


ns 


SE pulse width 

l SE 

10 


15 


ns 


Serial data out hold time after 

SC HIGH 

'SOH 

5 


5 


ns 

24, 31 

Serial output buffer turn-off 
delay from SE 

'SEZ 

3 

12 

3 

15 

ns 

20, 24 

Serial data in setup time 

l SDS 

0 


0 


ns 

24 

Serial data in hold time 

l SDH 

10 


10 


ns 

24 

Serial mask data in setup time 

'ms 

0 


0 


ns 


Serial mask data in hold time 

*MDH 

10 


10 


ns 


SERIAL INPUT (Write) Enable 
setup time 

*sws 

0 


0 


ns 


SERIAL INPUT (Write) Enable 
hold time 

tSWH 

15 


15 


ns 


SERIAL INPUT (Write) disable 
setup time 

'S\N\S 

o 


0 


ns 


SERIAL INPUT (Write) disable 
hold time 

l SWIH 

15 


15 


ns 


SSF to SC setup time 

tSFS 

0 


0 


ns 

30 

SSF to SC hold time 

'SFH 

15 


20 


ns 

30 

SSF LOW to SC HIGH delay 

^SFD 

5 


5 


ns 

30 


( 
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NOTES 

1. All voltages referenced to Vss. 

2. This parameter is sampled. Vcc = 5V ±5%,f = 1 MHz. 

3. Icc is dependent on cycle rates. 

4. Icc is dependent on output loading. Specified values 
are obtained with minimum cycle time and the 
outputs open. 

5. Enables on-chip refresh and address counters. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (0°C < T A < 70°C) is assured. 

7. An initial pause of lOOps is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up should 
be repeated any time the t REF refresh requirement is 
exceeded. 

8. AC characteristics assume = 5ns. 

9. Vih MIN and Vil MAX are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vih and Vil (or between Vil 
and Vih). Input signals transition between OV and 3V 
for AC testing. 

10. In addition to meeting the transition rate specifica- 
tion, all input signals must transit between Vih and 
Vil (or between Vil and Vih) in a monotonic manner. 

11. If CAS = Vih, DRAM data outputs (DQ1-DQ8) is 
H igh-Z . 

12. If CAS = Vil, DRAM data outputs (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva- 
lent to 1 TTL gate and 50pF. Output reference levels: 
Voh = 2.0V; Vol = 0.8V. 

14. Assumes that *RCD < *RCD (MAX). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that *RCD 
exceeds the value shown. 

15. A ssum es that f RCD > *RCD (MAX). 

16. If CAS is LOW at the falling edge of RAS, DQ will be 
maintained from the previous cycle. To initiate a new 
cycle and clear the data out buffer, CAS must be 
pulsed HIGH for tCP. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if t RCD is greater than the 
specified ‘RCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the *RAD (MAX) limit ensures that 
tRCD (MAX) can be met. t RAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is con- 
trolled exclusively by *AA. 

19. Either tRCH or t RRH must be satisfied for a READ 
cycle. 


20. tOD, tOFF and tSEZ define the time when the output 
achieves open circuit (Voh -200m V, Vol +200mV). 
This parameter is sampled and not 100% tested. 

21. ^WCS, l RWD, *AWD and f CWD are restrictive 
operating parameters in LATE-WRITE, READ- WRITE 
and READ-MODIFY-WRITE cycles only. If hVCS > 
HVCS (MIN), the cycle is an EARLY-WRITE cycle and 
the data output will remain an open circuit through- 
out the entire cycle, regardless of TR/OE. If HVCS < 
HVCS (MIN), the cycle is a LATE-WRITE and 

TR/ OE must control the output buffers during the 
WRITE to avoid data contention. If *RWD > *RWD 
(MIN), *AWD > *AWD (MIN) and *CWD > *CWD 
(MIN), the cycle is a READ- WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met, the state of the 
output buffers (at access time and until CAS goes 
back to Vih) is indeterminate but the WRITE will be 
valid, if *OD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME /WE leading edge in 
late WRITE or READ- WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HI GH, D Q goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: Voh = 2.0V; Vol = 0.8V. 

25. Addresses (A0-A8) change two times or less while 
RAS = Vil. 

26. Addresses (A0-A8) change once or less while 
RAS = L. 

27. Addresses (A0-A8) change once or less while 
CAS = Vih and RAS = Vil. 

28. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have *OD and *OEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE c ycle. T he 
DQs will provide previously read data if CAS 
remai ns LOW and OE is taken LOW after *OEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

29. Applies to the MT43C8128 only. 

30. Applies to the MT43C8129 only. 

31. tSAC is MAX at 70° C and 4.75V Vcc; tSOH is MIN at 
0°C and 5.25V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature 
*SOH = t SAC - output transition time; this is guaran- 
teed by design. 
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DRAM FAST PAGE MODE READ CYCLE 


ADDR v]l- 


ME/WE v|l Z 


l RCD 

<z> 

< 

o 





; r 

l AR 





^PC 

tCP ,| *CAS 


*RAD 

*ASR 1 RAH 


tASC *CAH 

COLUMN 

tRCS t 

*FHR 

tFSC tCFH 


— V l RCS 

I l RCH-< 


COLUMN 

—I li- l F 


TR/OE {[«; 


DATAOUT; 
*OE *OD 


DATA out; 
*OE , l OD 


DATAQUT7 
. l OE , t OD 



DON’T CARE 
I UNDEFINED 
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WRITE CYCLE FUNCTION TABLE 1 


CODE 

FUNCTION 

LOGIC STATES 2 

EAST Falling Edge 

CAST Falling Edge 

A 

ME/WE 

B 

DSF1 

c 

DQ (Input) 

D 

mm 

E 

DSF1 

F 

DQ (Input) 

RW 

Normal DRAM WRITE 

1 

0 

X 

0 

0 

DRAM 

RWNM 

NQNPERSISTENT (Load and Use) 
MASKED WRITE to DRAM 

0 

0 

Write 

Mask 

0/1 3 

0 

DRAM 

(Masked) 

RWOM 

PERSISTENT (Use Register) 
MASKED WRITE to DRAM 

0 

1 

X 

0/1 3 

0 

DRAM 

(Masked) 

BW 

BLOCK WRITE to DRAM 
(No DQ Mask) 

1 

0 

X 

0/1 3 

1 

Column 

Mask 

BWNM 

NONPERSISTENT (Load and Use) 
MASKED BLOCK WRITE to DRAM 

0 

0 

Write 

Mask 

0/1 3 

1 

Column 

Mask 

BWOM 

PERSISTENT (Use Register) 
MASKED BLOCK WRITE to DRAM 

0 

1 

X 

0/1 3 

1 

Column 

Mask 

LMR 

Load Mask Data Register 

1 

1 

X 

0/1 3 

0 

Write 

Mask 

LCR 

Load Color Register 

1 

1 

X 

0/1 3 

1" - ■ 

Color 

Mask 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D”, “E” and “F” for the WRITE cycle 
timing diagrams on the following pages. 

2. T RM, MK D and STS are “don’t care” for all WRITE cycles. 

3. If ME/WE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if ME/WE falls 
after CAS. 
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MICRON 

■ TECHNOLOGY, INC. 


MT43C8128/9 
128K x 8 TPDRAM 


DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1.2 


tRASP 



NOTE: 1 . READ cycles or READ-MODI FY-WRITE cycles may be mixed with WRITE cycles while in FAST PAGE 
MODE. 

2. The logic states of “A”, “B”, “C”, “D”, “E” and “F” determine the type of WRITE operation performed. See the 
Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 

(READ-MODIFY-WRITE or LATE-WRITE CYCLES) 



MOTE: 1 . READ or WRITE cycles may be mixed with READ-MODIFY-WRITE cycles while in FAST PAGE MODE. Use 
the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 

2: The logic states of “A”, “B”, “C” and “F” determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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MICRON 

■ TECHNOLOGY, INC. 


MT43C8128/9 
128K x 8 TPDRAM 



CA5-BEFORE-FK5 REFRESH CYCLE 





NOTE: 1 . The MT43C8 128/9 operates with this state as “don’t care,” but to allow for future functional enhancements it 
is recommended that they be driven as illustrated for system upgradability. 
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MICRON 
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MT43C8128/9 
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DRAM HIDDEN-REFRESH CYCLE 


(READ) (REFRESH) 



NOTE: 1 . AHIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 
ME/WE = LOW (when CAS goes LOW) and TR/OE = HIGH and the DQ pins stay HIGH-Z. In the 
TRANSFER case, T R/OE = LOW (when RAS goes LOW) and the DQ pins stay High-Z during the refresh 
period, regardless of TR/OE. 

2. The MT43C8 128/9 operates with this state as “don’t care,” but to allow for future functional enhancements it 
is recommended that they be driven as illustrated for system upgradability. 
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DRAM/BMR TRANSFER CYCLE FUNCTION TABLE i 


CODE 

FUNCTION 

LOGIC STATES 

MST Falling Edge 

A 

ME/WE 

B 

DSF1 

c 

DSF2 

D 

TRM 

E 

STS 

F 

MKD 

G 

DQ(lnput) 

BMR-RT 

BMR READ TRANSFER 
(DRAM-BMR TRANSFER) 

1 

0 

0 

1 

0 

0/1 1 

X 

BMR-IRT 

BMR READ TRANSFER 
(DRAM-invert^BMR TRANSFER) 

1 

0 

0 

1 

1 

0/1 1 

X 

BMR-WT 

BMR WRITE TRANSFER 
(BMR-DRAM TRANSFER) 

0 

0 

0 

1 

0 

0/1 1 

Mask 

BMR-IWT 

BMR WRITE TRANSFER 
(BMRHnvert^DRAM TRANSFER) 

0 

0 

0 

1 

1 

0/1 1 

Mask 

CLR-BMR 

CLEAR BMR (CLR-BMR) 

1 

1 

1 

0 

X 

0/1 1 

X 


DRAM/BMR TRANSFERS 



NOTE: 1. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
2. It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 


MT43C8128/9 
REV. 4/92 


5-236 


Micron Technology, Inc., reserves the right to change products or specifications without notice. 

©1992, Micron Technology, Inc. 





MT43C8128/9 
128K x 8 TPDRAM 




READ TRANSFER CYCLE FUNCTION TABLE 1 


CODE 

FUNCTION 

LOGIC STATES 

RAS Falling Edge 

A 

DSF1 

B 

DSF2 

o 1 

h- 

D 

STS 

E 

MKD 

RW 

READ TRANSFER 

0 

0 

0 

0/1 2 

X 


SPLIT READ TRANSFER (DRAM-SAM) 

1 

0 

0 

0/1 2 

X 



0 

1 

1 

0/1 2 

X 


BIT MASKED SPLIT READ TRANSFER 

1 

1 

1 

0/1 2 

X 

BMR-SAM 

BMR-SAM TRANSFER 

1 

0 

1 

0/1 2 

0/1 3 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D” and “E” for READ TRANSFER 
cycle timing diagrams on the following page s. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer is to SAMa; when STS = HIGH, the transfer is to SAMb. 

3. Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
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MT43C81 28/9 
128K x 8 TPDRAM 



READ TRANSFER 1 4 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 




WA DON’T CARE 


NOTE: I.SSFa, b = “Don’t Care” (MT43C81 29) M undefined 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-1 27) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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REAL-TIME READ TRANSFER i. * 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 



NOTE: 1 . SSFa, b = “Don’t Care” (MT43C81 29) $$ undefined 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed. 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 

4. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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SPLIT READ TRANSFER 1 2 3 
(SPLIT DRAM-TO-SAM TRANSFER) 





1 . CAS is used to load the Tap address. If CAS does not fall, the last Tap address gjj| undefined 

loaded for the addressed SAM will be reused for the idle half. 

2. QSF = 0 when the Lower SAM (bits 0—127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

3. The logic states of “A”, “B”, “C”, “D” and “E” determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 
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WRITE TRANSFER CYCLE FUNCTION TABLE 1 




LOGIC STATES 



RAS Falling Edge 

sc 

CODE 

FUNCTION 

A 

B 

c 

D 

E 

F 

G 

H 



DSF1 

DSF2 

DQ 

TRM 

STS 

3E 

MKD 

MKD 

WT 

WRITE TRANSFER 
(SAM-DRAM) 

0 

0 

X 

0 

0/1 2 

0 

X 

- 

PWT 

PSEUDO WRITE 

TRANSFER 

0 

0 

X 

0 

0/1 2 

1 

X 

- 

MSWT 

DQ MASKED SPLIT WRITE 
TRANSFER (SAM-DRAM) 

1 

0 

Mask 

0 

0/1 2 

X 

X 

- 

MWT 

DQ MASKED WRITE 

TRANSFER (SAM-DRAM) 

0 

1 

Mask 

0 

0/1 2 

X 

X 

- 

BMWT 

BIT MASKED WRITE 

TRANSFER (SAM-DRAM) 

0 

1 

X 

1 

0/1 2 

X 

X 

0/1 4 

BMSWT 

BIT MASKED SPLIT WRITE 
TRANSFER (SAM-DRAM) 

1 

1 

Mask 

1 

0/1 2 

X 

X 

0/1 4 

SAM-BMR 

(SAM-BMR) TRANSFER 

1 

0 

X 

1 

0/1 2 

X 

0/1 3 

- 


NOTE: 1 . Refer to this function table to determine the logic states of “A”, “B”, “C”, “D”, “E”, “F”, “G” and “H” for WRITE 
TRANSFER cycle timing diagrams on the following pages. 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, 
the transfer is to SAMa; when SAM = HIGH, the transfer is to SAMb. 

3. Serial Mask Input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 

4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 
all bit planes of the bit mask register with SCb. A logic “1” on MKD will allow data to pass through all the 
mask; a logic “0” will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT 
MASKED TRANSFERS to or from SAMa must not take place while mask data is being serially input via SCb 
and MKD. 
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NOTE: 


MT43C8128/9 
REV. 4/92 


WRITE TRANSFER 1 2 3 4 5 

(When part was previously in the SERIAL OUTPUT mode) 



1 . CAS is used to load the Tap address. If CAS does not fall, the last ^ undefined 

Tap address loaded for the addressed SAM will be reused. 

2. There must be no rising edges on the SC input during this time period. 

3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
of SE. 

4. The logic states of “A”, “B”, “C”, “D”, “E”, “F”, “G” and “H” determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = “don’t care” (MT43C8129). 
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OTE: 


WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 



the last Tap address loaded for the addressed SAM will be reused. 

2. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period. 

4. The logic states of “A”, “B”, “C”, “D”, “E”, “F”, “G” and “H” determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. SSFa,b = “don’t care” (MT43C8129). 
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SPLIT WRITE TRANSFER 3 
(SPLIT SAM-TO-DRAM TRANSFER) 



QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

3. The logic states of “A”, “B”, “C”, “D”, “E” and “H” determine the type of TRANSFER operation performed. See 
the Write Transfer Cycle Function Table. 
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MT43C8128/9 
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SAMa or SAMb SERIAL OUTPUT 



OTE: SEa, SCa and SDQa are used when accessing SAMa and SEb; SCb and SDQb are used when access 
in SAMb. 
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ADVANCE 


MICRON 

■ TECHNOLOGY. INC. 


MT43C256K8A1 
256K x 8 TPDRAM 


TRIPLE PORT 256K X 8 DRAM WITH 
DRAM DUAL 51 2 x 8 SAMS 


FEATURES 

• Three asynchronous, independent, data access ports 

• Fast access times - 60ns random, 15ns serial 

• Operation and control compatible with 2 Meg VRAMS 

• High-performance, CMOS silicon-gate process 

• Low power: 15mW standby; 450mW active, typical 

• 512-cycle refresh within 8ms 

• Refresh modes: RAS-ONLY, CAS-BEFORE-MS (CBR) 
and HIDDEN 

• FAST PAGE MODE with Extended Data Out 
CPC = 30ns) 

• Two bidirectional serial access memories (SAMs) 

• Fully static SAMs and Mask Register, no refresh 
required 

• 4,096-bit Transfer Mask Register 

SPECIAL FUNCTIONS 

• MASKED WRITE (Write-Per-Bit) 

• BLOCK WRITE 

• SPLIT READ AND SPLIT WRITE TRANSFERS 

• PROGRAMMABLE SPLIT SAMs 

• BIT MASKED TRANSFERS 

• SERIAL MASK DATA INPUT mode 

OPTIONS MARKING 

• Timing [DRAM, SAMs (cycle /access) 3 

60ns, 20ns/ 15ns -6 

70ns, 25ns /20ns - 7 

80ns, 28ns /25ns -8 

• Packages 

Plastic SOP (550 mil) SG 


GENERAL DESCRIPTION 



The MT43C256K8A1 is a high speed, triple port CMOS 
dynamic random access memory (TPDRAM) containing 
2,097,152 bits. Data maybe accessed by an 8 bit wide DRAM 
port or by either of two independently-clocked 512 x 8-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and the SAMs. 

The DRAM portion of the TPDRAM is functionally iden- 
ical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 
lata registers make up the serial access memory portions of 
he TPDRAM. Data I/O and internal data transfer are 
Lccomplished using five separate bidirectional data paths; 
he 8-bit random access I/O port, a pair of internal 2,048 bit 


wide paths between the DRAM and the SAMs, and the pair 
of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing, and address decod- 
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 4,096 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 8-bit, bit mask data regis- 
ter can be parallel loaded from the DRAM or either SAM, or 
it may be serial loaded through the MKD serial input. 
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MT43C256K8A1 
256K x 8 TPDRAM 


As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle . The SAM portions of the TPDRAM 
are fully static and do not require any refresh. 


The operation and control of the MT43C256K8A1 are 
optimized for high performance graphics and communica- 
tion designs. The triple port architecture is well suited to 
buffering the sequential data types used in rastor graphics 
display, video windowing, serial and parallel networking 
and data communications. Special features, such as SPLIT 
TRANSFER, BIT MASKED TRANSFERS and BLOCK 
WRITE allow further enhancements to system performance. 


FUNCTIONAL BLOCK DIAGRAM 
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TECHNICAL 

NOTE 


MOISTURE ABSORPTION 
IN PLASTIC PACKAGES 


INTRODUCTION 

All plastic integrated circuit packages have a tendency to 
absorb moisture. During surface mount assembly, this 
moisture can vaporize when subjected to the heat associated 
with solder reflow operations. Vaporization creates internal 
stresses that can cause the plastic molding compound to 
crack. Cracks in the package allow contamination to 
penetrate to the die and potentially reduce the reliability of 
the semiconductor device. The cracking process associated 
with surface-mountable devices is commonly referred to as 
the "popcorn effect." 

Cracks in the plastic pose several reliability concerns. The 
moisture path to the die is shortened, allowing ion migration 
or corrosion to occur more readily. Minor cracks, that might 
not be harmful initially, could propagate with time, resulting 
in a longer-term functional failure. 

Since plastic packages absorb moisture, care must be 
taken to prevent exposure for any long period prior to 
surface-mounting the devices on the printed circuit board. 
If exposed to excessive moisture, the devices should be 
baked to remove moisture prior to solder reflow operations. 

This technical note describes the shipping procedures 
that ensure Micron customers will receive memory devices 
that do not exhibit the popcorn effect. It also discusses 
Micron's recommendations for baking the devices if they 
are exposed to excessive moisture. 

ABSORPTION CHARACTERISTICS 

Micron's extensive testing empirically characterizes the 
noisture absorption characteristics of plastic packages. As 
he plastic takes on moisture, the weight of the device 
ncreases. Micron employs a standard procedure for 
veighing the device before and after it is exposed to 
noisture. We calculate the percentage of weight gain to 
letermine the relative efficiency of different packaging 
echniques used for shipping devices. 

MICRON PROCEDURES 

Micron has eliminated any chance of having popcorn 
lilures with surface-mount packages by shipping all 
nrface-mount devices in sealed bags containing a desiccant. 
>evices stored in these bags show no measurable weight 
ain when subjected to a high humidity environment for 
>ng time periods. 


DEVICE STORAGE 

To prevent device failure due to the popcorn effect, store 
plastic surface-mount packages carefully before PCB 
assembly. Micron has run tests on devices that have been 
exposed to 50 percent humidity outside of their shipping 
containers for time intervals from six months to one year 
and no failures have been recorded. 

Any concerns about the moisture absorption can be 
eliminated by storing the devices in Micron's shipping 
bags. We designed these containers to prevent the passage 
of water vapor for long periods of time. 

DEVICE BAKING 

If devices have been removed from their shipping 
containers and exposed to high levels of moisture. Micron 
recommends a device bake-out procedure before surface 
mounting. This bake-out may be accomplished by placing 
the parts in a tray and baking in an oven for 160 hours at 40° 
C. Any moisture is driven out of the devices during the 
exposure to the heat. 

Moisture may be removed faster by baking at 100° C for 
24 hours. 

SUMMARY 

1. All plastic packages absorb moisture when exposed 
to high levels of humidity for long time intervals. 

2. Micron devices have not exhibited any popcorn 
effect when exposed to 50 percent humidity for 
long time periods. 

3. Micron ships all surface-mount packages in 
containers that prevent absorption of moisture. 

4. If devices have been removed from their shipping 
containers and exposed to excessive moisture, they 
should be baked before being surface-mounted. 

REFERENCES 

"Moisture Absorption and Mechanical Performance of Surface 
Mountable Plastic Packages": Bhattacharyya, B. K. : et. al. : 1988 
Proceedings of the 38th Electronics Components Conference. 

"Analysis of Package Cracking During Reflow Soldering Process": 
Kitano, M., et. al. : 26th Annual Proceeding, Reliability Physics, 1988. 

"Moisture Induced Package Cracking in Plastic Encapsulated Surface 
Mounted Components During Solder Reflow Process": Lin, R., et. 
al. : 26th Annual Proceeding, Reliability Physics, 1988. 
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TECHNICAL TAPE AND REEL 

NOTE PROCEDURES 


GENERAL DESCRIPTION 

Tape and reel is becoming the packaging and shipment 
method of choice for Micron's surface-mounted memory 
devices. Tape and reel minimizes the handling of compo- 
nents by directly interfacing with automatic pick-and-place 
machines. 


Micron supports the Electronic Industries Association's 
(EIA) standardization of tape and reel specifications num- 
ber 481A. The intent of this technical note is to describe 
Micron's status in support of the EIA standard. 


Table 1 

MICRON TAPE SIZES AND DEVICES PER REEL 


COMPONENT 

TAPE WIDTH 
(W) mm 

PITCH 
(P) mm 

DEVICES PER 
13-INCH REEL 

PLCC 


, 


18 Pin 

24 

12 

1,000 

52 Pin 

32 

16 

500 

SOJ (300 mil) 




20/26 Pin 

24 

12 

1,000 

24 Pin 

24 

12 

1,000 

28 Pin 

24 

12 

1,000 

SOJ (400 mil) 




28 Pin 

32 

16 

500 

32 Pin 

44 

16 

500 

40 Pin 

44 

16 

500 
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Figure 2 

BENDING RADIUS 


o 



1mm 


(0.039) MAX 


250mm 

(9.843) 


Allowable camber to be 1 mm/1 00mm nonaccumulative over 250mm. 


Figure 3 

CAMBER (TOP VIEW) 
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Figure 4 

EMBOSSED CARRIER DIMENSIONS 

(24mm Tape Only) 


Table 2 

24mm EMBOSSED TAPE DIMENSIONS 3 


TAPE SIZE 

D 

E 

PO 

t (MAX) 

AO, BO, KO 

24mm 

1 C + 0.10 

1 - 0.00 

1.75 

4 

0.400 

NOTE 1 


(0.59) t8j 

(0.069 ±0.004) 

(0.157 ±0.004) 

(0.16) 



TAPE SIZE 

B1 (MAX) 

D1 (MIN) 

F 

K (MAX) 

P2 

R (MIN) 

W 

24mm 

20.1 

1.5 

11.5 ±0.10 

6.5 

2 ±0.10 

50 

24 ±0.30 


(0.791) 

(0.059) 

(0.453 ±0.004) 

(0.256) 

(0.079 ±0.004) 

(1.969) 

(0.945 ±0.012) 



! p I 

TAPE SIZE 

4 ±0.10 
(0.157 ±0.004) 

8 ±0.10 
(0.315 ±0.004) 

12 ±0.10 
(0.472 ±0.004) 

16 ±0.10 
(0.630 ±0.004) 

20 ±0.10 
(0.787 ±0.004) 

24 ±0.10 
(0.945 ±0.004) 

24mm 



X 

X 

X 

X 


iOTE: 1 . AO, BO and KO are determined by component size. The clearance between the component and the cavity 
must be within 0.05 (0.002) MIN to 1 .00 (0.039) MAX for 24mm tape. The component cannot rotate more 
than 20° within the determined cavity. 

2. Tape and components shall pass around radius “R” without damage. 

3. All dimensions in millimeters (inches). 
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B1 is for machine reference 
only, including draft and radii 
concentric around BO 



D — Round PO 1 0 pitches cumulative 

holes this side tolerance on tape ±0.2 (±0.008) 



USER DIRECTION OF FEED 


Figure 5 

EMBOSSED CARRIER DIMENSIONS 

(32 and 44mm Tape Only) 



Figure 6 

DETAIL ELONGATED HOLE 
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Table 3 

32 AND 44mm EMBOSSED TAPE 3 


TAPE SIZE 

D 

01 (MIN) 

E 

K (MAX) 

PO 

t (MAX) 

AO, B0, KO 

32 and 44mm 

1 C + 0.10 

1 *'■' + 0.00 

(0.059)3*} 

2 

(0.079) 

1.75 ±0.10 
(0.069 ±0.004) 

10 

(0.394) 

4 ±0.10 
(0.156 ±0.004) 

0.500 

(0.20) 

NOTE 1 


TAPE SIZE 

B1 (MAX) 

F 

P2 

S 

W 

R (MIN) 

32mm 

23 

(0.906) 

14.2 ±0.10 
(0.559 ±0.004) 

2 ±0.10 
(0.079 ±0.004) 

28.4 ±0.10 
(1.118 ±0.004) 

32 ±0.30 
(1.26 ±0.012) 

50 

(1.973) 

44mm 

35 

(1.378) 

20.2 ±0.15 
(0.795 ±0.006) 

2 ±0.15 
(0.079 ±0.006) 

40.4 ±0.10 
(1.591 ±0.004) 

44.8 ±0.30 
(1.732 ±0.12) 

50 

(1.973) 


TAPE SIZE 

p j 

16 ±0.10 
(0.630 ±0.004) 

20 ±0.10 
(0.707 ±0.004) 

24 ±0.10 
(0.945 ±0.004) 

28 ±0.10 
(1.102 ±0.004) 

32 ±0.10 
(1.26 ±0.004) 

36 ±0.10 
(1.41 7 ±0.004) 

40 ±0.10 
(1.575 ±0.004) 

44 ±0.10 
(1.732 ±0.004) 

32mm 

X 

X 

X 

X 

X 




44mm 



X 

X 

X 

X 

X 

X 


NOTE: 1 . AO, BO and KO are determined by component size. The clearance between the component and the cavity 
must be within 0.05 (0.002) MIN to 1 .00 (0.039) MAX for 24mm tape. The component cannot rotate more 
than 20° within the determined cavity. 

2. Tape and components shall pass around radius “R” without damage. 

3. Ail dimensions in millimeters (inches). 
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TECHNICAL 

NOTE 


DRAM POWER-UP AND 
REFRESH CONSTRAINTS 


INTRODUCTION 

The JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 1 
Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding and addressing these incom- 
patibilities and providing for them will offer designers and 
system users greater compatibility between the 1 Meg and 
4 Meg. 

REFRESH 

The m ost commonly used refresh mode of the 1 Meg is 
theCAS-BEFORE-RAS(CBR) REFRESH cycle. The CBR for 
the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 
on the o ther hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the the 4 Meg into the 
JEDEC-specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIPs, pin 5 on SOJs and pin 8 on ZIPs). This 
HIGH signal is usually a "super voltage" (Vin > 7.5V), so 
normal TTL or CMOS HIGH levels will not cause the part 
to enter the test mode. 


POWER-UP 

The 4 Meg JEDEC test mode constraint may introduce 
another problem. The 1 Meg POWER-UP cycle requires a 
lOOjLts delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS-ONLY 
REFRESH or CBR REFRESH (WE held HIGH) cycles must 
be used. The restriction is needed since the 4 Meg may 
power-up in the JEDEC-specified test mode and must exit 
out of the test mode. The only way to exit the 4 Meg JEDEC 
test m ode is with either a RAS-ONLY or a CBR REFRESH 
cycle (WE held HIGH). 

SUMMARY 

The 1 Meg and 4 Meg are compatible, with the following 
exceptions: 

1. For standard test mode, the 1 Meg requires a vaild 
HIGH on the test pin while the 4 Meg requires a CBR 
cycle with WE LOW. 

2. The 1 Meg CBR REFRESH allows the WE pin to be a 
"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

3. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS- 
ONLY REFRESH or CBR REFRESH cycles (WE held 
HIGH). 



i*s{ 

Y/h DON'T CARE 


COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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NOTE 


MT4C1664 AND MT4C1665 
COMPATIBILITIES 


INTRODUCTION 

Micron provides the 64K x 16 DRAM in two versi ons: The MT4C1664 will have twice the capacitive load on the 

MT4C1664 and MT4C1665. TheMT4C1664 has two WE pins write enable signal as the MT4C1665 due to its two WE pins, 

which allow for BYTE- WRITE cycles. It doe s not support Its WE timing will be a "don't care" when RAS transitions 

WRITE-PER-BIT. The MT4C1665 has one WE pin and offers from HIGH to L OW. The MT4C1665 will enter a WRITE- 

nonpersistent, WRITE-PER-BIT (MASKED WRITE) cycles. PER-BIT cycle if WE is LOW when RAS transitions from 

HIGH to LOW. 

COMPATIBILITY The MT4C1665 can provide the BYTE-WRITE capability 

The MT4C1664 and MT4C1665 maybe used interchange- of the MT4C1664 by allowing the mask register to be 
ably, provided precautions are taken. The memory system enabled by bytes. However, this may not be practical since 
may not utilize the WRITE-PER-BYTE feature of the it requires additional circuitry. 

MT4C1664 or the WRITE-PER-BIT feature of the MT4C1665 

in order to maintain interchangeability. SUMMARY 

At the system level, a spec ial tim ing constraint exists. An application that performs 16-bit word writes will 

WE must be held HIGH when RAS transitions from HIGH allow either the MT4C1664 or MT4C1665 to be used. The 

to LOW (preventing the MT4C 1665 from performing MT4C1664 must have both WE pins connected, doubling 
WRITE-PER-BIT cycles). The two WE traces must be con- capacitance on the write enable signal, but its timing is a 

nected together (pins 12 and 13 on SOJ or pins 22 and 23 on "don't care" when RAS goes LOW. On the other hand, the 

ZIP) in order to ensure that all 16 bits will be written on the MT4C1665 has only one WE for low er cap acitance, but WE 

MT4C1664. must always be held HIGH when RAS transitions from 

The MT4C1664 and MT4C1665 are now interchangeable. HIGH to LOW (refer to Note 1). 



WA DON’T CARE 

Figure 1 M undefined 


MT4C1665 TIMING CONSTRAINTS 

NOTE: 1 . Applies to MT4C1 665 only. The MT4C1 664 specifies these as “don’t cares” during this portion of operation. 
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TECHNICAL 

NOTE 


MT4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR RAS LINES 


INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
performance margins, decreased power consumption, re- 
duced costs and board savings, while maintaining state-of- 
the-art technology. 

This application note shows how the MT4C1664 may be 
interfaced with a 256KB memory system using four RAS 


controls and EARLY- WRITE cycles (OE grounded). Refer- 
ence to the MT4C1664 data sheet will be helpful in under- 
standing how the MT4C1664 functions. The schema tic in 
Figure 1 shows 256KB memory systems using four RAS 
controls and EARLY- WRITE cycles and how memory is im- 
plemented with both the MT4C1664 and 64K x 4 DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE- WRITE cycles (OE controlled). 


256KB DRAM Memory System 
With Micron's MT4C1664 (2) 



256KB DRAM Memory System 
With 64K x 4 devices (8) 


AAO-7 

WE 

CAS 

RASO 

RAS1 

RAS2 

RAS3 


M0D0-7 
Ml DO-7 
M2D0-7 
M3D0-7 


BAO-7 



Figure 1 

256KB EARLY-WRITE MEMORY 
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TECHNICAL 

NOTE 


MT4C1664: 256 KILOBYTE 
MEMORY SYSTEM WITH 
FOUR CAS LINES 


INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is a great solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256 
kilobyte (KB) memory system, two MT4C1664s will replace 
eight 64K x 4 DRAMs, resulting in improved reliability and 
performance margins, decreased power consumption, re- 
duced costs and board savings, while maintaining state-of- 
the-art technology. 

This application note shows how the MT4C1664 may 
interface with a 256KB memory system using four CAS 
controls and EARLY- WRITE cycles (OE grounded). 


Reference to the MT4C1664 data sheet will be helpful in 
understanding how the MT4C1664 functions. The sche- 
matic in Figure 1 shows 256KB memory systems using four 
CAS controls and EARLY-WRITE cycles and how memory 
is implemented with both the MT4C1664 and 64K x 4 
DRAMs. 

The same schematic for the MT4C1664 may also be used 
in systems using LATE- WRITE cycles (OE controlled), ex- 
cept Note 1 no longer applies and the two delay paths may 
be equal. 


256KB DRAM Memory System 
With Micron’s MT4C1664 (2) 


256KB DRAM Memory System 
With 64K x 4 devices (8) 
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TECHNICAL 

NOTE 


DRAM OE CONTROLLED 
LATE-WRITE CYCLES 


INTRODUCTION 

There are three cycles available to write to a DRAM: 
EARLY- WRITE cycles, RE AD-MODIFY-WRITE cycles and 
LATE-WRITE cycles. The industry standard definitions for 
DRAM WRITE cycles are fairly consistent for both the 
EARLY-WRITE and READ-MODIFY-WRITE cycles. An 
exception exists for the "LATE-WRITE" cycle. 

COMMON DQ DRAM (x4, x8, etc.) 

A LATE-WRITE cycle is a READ-MODIFY-WRITE (see 
Figure 1) except that the READ portion is not utilized. This 
is accomplished by keeping the output enable pin (OE) HIGH 
throughout the cycle. The timing parameters tRWD/AWD 
and *CWD no longer apply since OE is HIGH. 

This condition may be viewed as an EARLY-WRITE with 
*WCS "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). But, 
since the output buffers are not being used (OE is HIGH), 
*WCS and l CWD are no longer required. 

If WE transitions LOW after CAS transitions LOW, do not 
bring OE LOW (a noise spike may occur), as the output 
buffers could turn on and cause contention with the data 
bus, which could corrupt input data. 

The term used for such a WRITE cycle varies throughout 


the industry. The use of "OE controlled WRITE," "Delayed 
WRITE" and "LATE-WRITE" all signify the same WRITE 
cycle described. 

SPLIT D AND Q DRAM (xl) 

A LATE-WRITE cycle is a READ-MODIFY-WRITE, 
except the READ portion is not guaranteed and the D and 
Q pins are separate paths (D and Q cannot be connected 
together). This is accomplished by ignoring the timing 
parameters ^WD, *AWD and *CWD. 

This condition can be viewed as an EARLY-WRITE with 
tWCS "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). But, 
since the output buffers are "don't care," *WCS and *CWD 
are no longer required. 

This cycle is not available on applications that have the D 
and Q connected together, as the output will contend with 
the input. 

SUMMARY 

A LATE-WRITE cycle is most useful on common DQ 
DRAMs. Use caution to ensure the output enable pin is 
properly controlled. 



Figure 1 0 undefined 

READ-MODIFY-WRITE (MULTIPLE DQ) TIMING 
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TECHNICAL DRAM TIMING 

NOTE PARAMETERS 


INTRODUCTION 

A DRAM has many timing parameters, which are 
specified to help the memory designers define memory 
system timing. These parameters may be separated into 
several groups. This note separates these parameters as 
core parameters (COP) or calculated parameters (CAP). 

The calculated parameters are tested by Micron prior 
to shipment. In cases where the summation of COP 
parameters is larger than the CAP parameter specification, 
the CAP parameter overrides the summation of COP 


parameters. Additionally, if an incoming test is required, 
the testing of the COP parameter is typically sufficient 
since CAP parameters are simply combinations of COP 
parameters. 

The CAP parameters are listed below, showing how they 
are calculated. This will aid the memory designer's under- 
standing of the parameters affected when a COP parameter 
is altered. Additionally, during testing of the COP param- 
eters, the CAP parameters are also tested by default. 


>RC = 'RAS + 'RP + 2'T 

'PC = 'CPA + 'T or 'CP + >CAS + 2'T 

'AR = 'RCD (MAX) + 'CAH 

*RSH = 'CAS 

'CSH = 'CAS + 'RCD (MAX) 

'CPA = 'AA + T 

'AA » 'RAS/2 

'DHR = 'RCD (MAX) + 'DH 

*WCH = 'wp-hwcs-fr 

'WCR = 'RCD (MAX) + 'WCH 

'RAD (MIN) = 'RAH + 'T 

'RAD (MAX) = 'RAC - 'AA 

'RCD (MIN) = 'RAD + 'ASC + *T = 'RAH + 'ASC + 2'T 

•RCD (MAX) = 'RAS-'RSH 

'RWD(xl) = 'RAC 

'RWD (x4) = 'RAC + 'OD + 2'T + *DS 

'CWD(xl) = *CAC 

•CWD(x4) = 'CAC + 'OD + 2'T + *DS 

'AWD(xl) = 'AA 

'AWD (x4) = 'AA + 'OD + 2'T 

'RWC(xl) = 'RWD + 'RWL + 'RP + 2'T 

'RWC (x4) = 'RAC + 'RWL + 'RP + 4'T + 'OD + 'DS 

'PRWC(xl) = 'CPA + 'CWL + 2'T + 'DS 

*PRWC (x4) = 'CPA + *CWL + 4'T + 'OD + 'DS 
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LPDRAM BBU CURRENT VS. 
RAS ACTIVE TIME (1 MEG) 


INTRODUCTION 

One of the most significant features of the low power, 
extended refresh DRAM (LPDRAM) is its BATTERY 
BACKUP (BBU) cycle. BBU is essentially a CAS-BEFORE- 
RAS (CBR) REFRESH at an extended refresh rate of 125jns 
per cycle. 

RAS pulse width ( fc RAS) affects the BBU current and 
should be considered when designing a low power 
system. The longer RAS is held LOW, the more current an 
LPDRAM will consume while in the BBU mode. Therefore, 
keeping *RAS at a minimum will maximize power savings. 

Figure 1 shows a typical curve of Micron's 1 Meg 


LPDRAM (MT4C4256L and MT4C1024L) showing the 
relationship between its BBU standby current and the width 
of t RAS. The 25°C curve has a slope of 4.8jiA increase for 
every additional lps RAS is held LOW. The 70°C curv e has 
a slope of 4pA increase for every additional ljus RAS 
is held LOW. 

SUMMARY 

The t RAS time should be kept as short as possible when 
the memory array is being designed. This will result in 
lower standby currents, especially with the BBU cycle. 


BBU 

(mA) 



Figure 1 

TYPICAL BBU CURRENT AS A FUNCTION OF *RAS 
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TECHNICAL 

NOTE 


LPDRAM BBU CURRENT VS. 
RAS ACTIVE TIME (4 MEG) 


INTRODUCTION 

One of the most significant features of the low power 
extended refresh DRAM (LPDRAM) is its BATTERY 
BACKUP (BBU) cycle. BBU is essentially a CAS-BEFORE- 
RAS (CBR) REFRESH at an extended refresh rate of 125jlls 
per cycle. 

RAS pulse width ( l RAS) affects the BBU current and 
should be considered when designing a low power system. 
The longer RAS is held LOW, the more current an LPDRAM 
will consume while in the BBU mode. Therefore, keeping 
*RAS at a minimum will maximize power savings. 

Figure 1, a typical curve of Micron's second generation 


4 Meg LPDRAM (MT4C4001L and MT4C1004L), shows the 
relationship between its BBU standby current and the width 
of t RAS. The 25°C curve has a slope of 79\iA increase for 
each additional lps RAS that is held LOW. The 70°C curve 
has a slope of 70pA increase for each additional lfxs that 
RAS is held LOW. 

SUMMARY 

The *RAS time should be kept as short as possible when 
designing memory array timing. This will result in lower 
standby currents, especially for the BBU cycle. 


BBU 

(mA) 



‘RAS (ns) 


Figure 1 

TYPICAL BBU CURRENT AS A FUNCTION OF ‘RAS 
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TECHNICAL 

NOTE 


LOW-VOLTAGE (3V) DRAM 
DESIGN ISSUES 


INTRODUCTION 

Laptop and notebook personal computer markets 
demand low-voltage memories. This is in direct response to 
the consumer's demand for portable PCs with longer bat- 
tery life. To help meet this demand. Micron introduced the 
industry's first 3.3V 1 Meg DRAM. 

The introduction of low-voltage DRAMs, raised design 
concerns regarding the migration from 5V systems to 3.0, 
3.3 and 3.3/5.0V systems. Several issues must be consid- 
ered prior to selecting DRAM memory for low-voltage PC 
systems: 

• Voltage limits 

• Speed 

• I/O levels 

• Mixed/ dual voltages 

• Soft error rates (SERs) 

VOLTAGE LIMITS 

During the development phase of low-voltage DRAMs, 
manufacturers are expected to introduce offerings in four 
different voltage ranges: 

• 3.3V ±5% (interim) 

• 3.0V ±10% 

• 3.3V ±10% 

• 2.7V to 3.6V 

The 3.3V ±5% version is the first available low-voltage 
DRAM. This is generally an enhanced version of existing 5 V 
DRAMs specially processed for 3.3V operation. Micron is 
tble to offer 3.3V ±5% 1 Meg and 4 Meg DRAMs because 
dicron uses a leading-edge DRAM process. This type of 
ow-voltage DRAM works reliably in mixed /dual voltage 
ystems and offers early availability for 3.3V system 
levelopment. 

The other versions are manufactured with a low-voltage- 
►nly CMOS process and are commonly referred to as 3V- 
>nly DRAMs. Micron's 3V-only DRAMs are being devel- 
ped to operate over the 2.7V to 3.6V voltage range (fourth 
ersion). This will provide either 3.0V ±10% or 3.3V ±10% 
peration from the same DRAM. Devices manufactured 
/ith the low-voltage CMOS process are optimized for both 
igh-speed and low-power performance at low voltages. 


The 3V-only process limits the allowed maximum Vcc 
stress to the DRAM at 4.6V. Any violation of this maximum 
specification can damage the DRAM. Careful review of this 
parameter is necessary prior to selecting a low-voltage 
DRAM. 

The Micron device part number indicates one of the two 
process groups for low-voltage DRAMs. "C" designates 
3.3V CMOS, while "LC" designates 3V-only low-voltage 
CMOS processing. For example, the 3.3V 1 Meg DRAM 
(256K x 4) is an MT4C4256 VL, which allows a 6V maximum 
Vcc stress. Although Micron has no plans to introduce a 3V- 
only 256K x 4 DRAM, the device would be a MT4LC4256 L 
if it were developed and introduced to the market. Addi- 
tionally, Micron data sheets specify the maximum Vcc 
stress rating for a given DRAM. 

SPEED 

The most significant advantage of a 3V-only DRAM is 
that it will have similar speeds to that of a 5 V DRAM 
operating at 5V, 60ns to 70ns. The interim 3.3V DRAMs will 
achieve only 100ns, but will achieve speeds in the range of 
60 to 80ns when operating at 5V. 

Micron's MT4C4256 VL timing parameters are tested for 
a 3.3V ±5% operation. Although the device is not tested at 
5V, characterization data shows the 3.3V 1 Meg DRAM will 
achieve 70ns or better when operating at 5V. 

I/O LEVELS 

The interim 3.3V DRAM has an I/O level issue. Since 
these devices are designed for 5V operation, the trip points 
will change when the DRAM is operating at 3.3V. In par- 
ticular, VIL and VOH noise immunity guardbands are 
reduced and will be less forgiving than when they were at 
5V. Since the variances are device specific, consulting the 
device's data sheet prior to design is recommended. 

On the other hand, 3V-only DRAMs do not have I/O 
V level issues. The device and process are designed for opti- 
mum drive levels and trip points at 3.3V. It is worth noting 
that the JEDEC 3.3V output specification states one TTL 
load rather than two TTL loads. 
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MIXED/DUAL VOLTAGES 

Some of the first and second generation low-voltage 
systems may require the ability of both 3.3V and 5V op- 
eration. This would offer 3.3V operation for low power 
consumption while in the portable mode and faster speeds 
when plugged in to a power source such as at the desk or in 
the car. This application will be supported by the interim 
3.3V DRAM, since it allows both 3.3V and 5V operation. 

An important issue to consider in a mixed/ dual voltage 
system is the switching of the Vcc power supply level. A 
DRAM will experienced what is referred to as a "Vbump" 
when the Vcc level changes. This occurs when the data is 
stored in the memory cell at a certain level and is read out 
(internally) at a different level due to a shift in the Vcc level. 
Switching the Vcc from 3.3V to 5.0V results in a severe 
"bump" and can corrupt the data stored in the DRAM 
memory cells. 

The system designer has two alternatives when develop- 
ing a system that will operate with mixed /dual voltages. 
The first is to require that all the contents of DRAM-based 
memory be saved (usually onto disk memory) prior to 
changing the power supply level, then restore the DRAM- 
based memory once the power-supply levels have been 
changed. 

The second alternative is to increase the power supply in 
increments with the DRAM memory being completely 
refreshed at each interval. Ideally, the largest increment Vcc 
should be raised is no more than the difference between the 
maximum Vcc limit and the minimum Vcc limit. In the case 
of the 3.3V ±5% DRAM, Vcc should not increase by more 
than 300mV at a time. The Micron MT4C4256 VL, on the 
other hand, can accommodate up to a IV step. 


For example, starting at 3.3V, increase Vcc to 4.2V, then 
perform a complete set of refresh cycles. After the refresh is 
complete, raise the Vcc level to 5.0V and perform another 
complete set of refresh cycles. After the second refresh is 
complete, the DRAM memory will be ready for 5V 
operation. 

If an application requires the DRAM's Vcc power to come 
from a different reference level than the input and/or 
output busses, the I / O pin reference levels must not exceed 
the Vcc reference levels by more than IV, unless specified 
less by the data sheet. Exceeding this can cause the DRAM 
to either initiate the DRAM manufacturer's internal test 
mode or cause excessive leakage on the output pins. 

SOFT ERROR RATES 

A disadvantage with operating interim 3.3V DRAMs at 
3.3V rather than at 5.0V is the increased susceptibility of the 
DRAM to soft errors. Preliminary SER data taken on the 
interim 3.3V 1 Meg DRAM shows diverging results. Real- 
time SER data shows no difference between 5V and 3.3V 
operation. Yet, accelerated SER data shows an increase in 
soft errors going from 5V to 3.3V operation. Additionally, 
SER will vary widely between vendors as the design and 
process employed determine the soft error susceptibility. 

Until the SER divergence is well understood, Micron is 
recommending its interim 3.3V DRAMs be used for the PC- 
related memory market (low number of units per system). 
Micron discourages the use of its interim 3.3V DRAMs in 
memory-intensive systems that require hundreds of 
DRAMs. The 3V-only DRAM, on the other hand, should not 
experience an increase in SER and is an excellent choice for 
low-voltage memory in memory-intensive systems. 
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TECHNICAL 

NOTE 


MT43C4257/MT43C4258 

COMPARISON 


INTRODUCTION 

Micron Technology, Inc., offers its Triple Port DRAM 
(TPDRAM) in two versions. The MT43C4257 supports the 
JEDEC split SAM status function (QSF) pin as defined for 
VRAMs. The MT43C4258 supports a variation of the QSF 
function called the split SAM special function (SSF) input 
function. Other than this difference, the function and per- 
formance of the two devices are identical. 

MT43C4257 — QSF OUTPUT 

The QSF output pin of the MT43C4257 is identical in 
function to the QSF pin of the MT42C4255 256K x 4 VRAM. 
The QSF output pin indicates which half of the SAM is being 
accessed. When data is accessed from the lower half, the 
QSF is LOW; when data is accessed from the upper half, 
QSF is HIGH (see Figure 1). When using the MT43C4257 or 
any standard VRAM in the split SAM mode, the transition 
between SAM halves occurs only when the SAM-half bound- 
ary is reached by the address pointer. This is address count 
255 for the lower half and 511 for the upper half. When this 
boundary is reached, the new Tap address for the next 


SAM-half is loaded ("X" for the lower, "Y" for the upper). 
The following SC will access data from the new half. 

MT43C4258 — SSF INPUT 

The MT43C4258 introduces functionality to the TPDRAM 
that is not available on standard VRAMs. The "QSF" pin as 
an input (SSF) offers a higher degree of design flexibility to 
the system engineer. The SSF applies only to split transfer 
cycles. It allows access to be switched from one half of the 
SAM to the other at will. If SSF is HIGH at the rising edge of 
the serial clock, the split SAM access will be switched to the 
other half of the SAM (see Figure 2). 

By taking SSF HIGH for the rising edge of a serial clock 
(location "A" for the lower half, "B" for the upper), the 
access from the current half may be terminated. Data from 
this clock will appear on the outputs when in serial output 
mode or will be written if in serial input mode. 

The next serial clock will access data at the new Tap 
address ("X" for the lower, "Y" for the upper) of the next 
half. The SSF input acts as a "stop address" input so the 


o 
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Figure 1 

QSF OPERATION FOR THE MT43C4257 (SERIAL OUTPUT) 
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designer can "force" the access from one half to the next 
when desired. When operating in the split SAM mode, this 
option allows different sized "blocks" of data to be input or 
output from the SAM half regardless of the Tap address and 
stop point. This feature is useful when performing pans, 
zooms and scrolling in video-graphics systems and for 
handling distinct packet sizes in networking or controller 
applications. 

SUMMARY 

The only difference between the MT43C4257 and 
MT43C4258 is the variance in the functionality of the "QSF" 


pin. The MT43C4258 SSF input pin allows more efficient 
handling, and therefore higher throughput, of input or 
output data in either SAM. This improves the performance 
of video-graphics and networking systems by providing 
high clock speed and no latency time between reaching the 
stop point of valid data in one half and the loading of the 
new Tap address for the next half. 

The SSF functionality is also available on the x8 versions 
of the TPDRAM, the MT43C8128 (QSF) and MT43C8129 
(SSF). Refer to the data sheets for detailed timing and 
functional descriptions. 



Figure 2 

SSF OPERATION FOR THE MT43C4258 (SERIAL OUTPUT) 
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88-PIN 

1C DRAM CARDS 


INTRODUCTION 

Just as SIMMs began a new period in memory placement 
and packaging in the 1980s, the 88-pin IC DRAM card 
promises to have an equal impact on the industry in the 
1990s. The 88-pin IC DRAM card combines the architecture 
of a SIMM with an IC memory card form factor to create a 
high density, easy-to-use memory device. No longer do 
end-users have to disassemble their systems and risk ESD 
damage to add more SIMM modules or memory boards. 
Finally, a convenient, sensible, and rugged approach to 
memory packaging has arrived. 

For engineers. Micron's 88-pin IC DRAM cards offer a 
significant improvement in the way system designers 
manage main and add-in memory. IC DRAM memory 
cards require less system interface logic, they pack more 
memory into a given area than SIMM modules and they 
are better able to withstand use and abuse than contem- 
porary memory upgrade schemes. All this functionality is 
contained in a convenient, portable, and standardized 
package. 

Standards for the 88-pin IC DRAM card have been jointly 
ratified by the three major standard-setting bodies: PCMCIA, 
JEDIA and JEDEC. As a companion to the 68-pin IC memory 
card, or by itself, the 88-pin IC DRAM card will enhance 
your product design or offerings. 

IC DRAM cards provide a robust, rigid and durable 
enclosure for the printed circuit board and memory devices 
contained within. The card's physical dimensions are 2.126 
±0.004 inches wide by 3.37 ±0.004 inches long by 0.129 


±0.004 inches thick, which is about the same dimension as 
a credit card though three times its thickness. 

Once assembled, the strength of the IC DRAM card 
surpasses that of SIMM modules. Moreover, since the card's 
components are not subjected to direct physical contact by 
the user, it can withstand casual, even abusive, handling 
much better than a SIMM module. When a SIMM module 
is installed, removed or transported, there is a risk of in- 
flicting damage due to electrostatic discharge. The card is 
made with a conductive plastic that allows static charges to 
be safely dissipated to the ground pins via a High-Z path. 

IC DRAM cards are designed to ease facilitation. Though 
the IC DRAM cards appear to function like 72-pin SIMM 
modules, significant differences favor the IC DRAM card. 
For example, the IC DRAM card provides its own 
buffering for its control lines, relieving the system board. 
Furthermore, buffering enhances system performance, 
both from noise reduction and reduced capacitive loading 
of the control lines. 

The IC DRAM cards are preferable to SIMMs in small 
profile notebook and palmtop computers, because the 
cards offer a twofold improvement in board area usage. 
Proper choice of receptacle connector for the system board 
provides the ability for hot insertion or removal, which is 
impossible for a SIMM module. And the IC DRAM card's 
size and ruggedness make it ideal for mainframe or 
industrial applications. 


Table 1 

MEMORY ADDRESS RANGE 



MEMORY ADDRESS RANGE 

Presence Detect Bits 

Total Memory Size 

DRAM Address Space Per Bank 

PD1 

PD2 

PD3 

PD4 

PD5 = 0 

PD5 = 1 

no card installed 

1 

1 

1 

1 

n/a 

n/a 

256K 

0 

0 

0 

0 

1MB 

2MB 

512K 

1 

0 

0 

0 

2MB 

4MB 

1 Meg 

0 

1 

0 

0 

4MB 

8MB 

2 Meg 

1 

1 

0 

0 

8MB 

16MB 

4 Meg 

0 

0 

1 

0 

16MB 

32MB 

8 Meg 

1 

0 

1 

0 

32MB 

64MB 

16 Meg 

0 

1 

1 

0 

64MB 

128MB 
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PRESENCE DETECT DEFINITIONS FOR 
THE 88-PIN IC CARD 

It is necessary to clarify the presence detect definitions for 
the 88-pin IC DRAM cards. The eight presence detect pins 
are divided into four groups, consisting of memory size (4 
bits), number of DRAM banks (1 bit), DRAM access timing 
(2 bits) and refresh control (1 bit). As shown in Table 1, 
presence detect bits are defined as 0 = ground, 1 = open. 

Presence detect bits PD1, PD2, PD3 and PD4 relate to the 
byte size of the card or its memory address range. The PD5 
presence detect indicates the number of memory banks 
present on the card. The card will be provided with either 
1 or 2 banks (32-, 36- and 40-bit versions) or 2 or 4 banks 
(16- and 18-bit versions). 

For 32-, 36- and 40-bit applications, PD5's definition 
relates to whet her on e or two banks are present. Each bank 
is defined by 2 RAS lines. In other words, both RAS lines 
should be activated simultaneously for a 32-, 36- or 40-bit 
word access . When PD5 = 0, there is one bank present, 
activated by RASO and RAS2. When PD5 = 1, t here ar e two 
banks present. Bank 1 is activated by RASO and RAS2 while 
bank 2 is activated by RAS1 and RAS3. 


Table 2 

RAS RELATION TO DATA BUS 


RASO 

D0-D17 

Bank 1 

RAS1 

D18-D36 

Bank 2 

RAS2 

D0-D17 

Bank 3 

RAS3 

D18-D36 

Bank 4 


For 16- or 18-bit applications, PD5's definition relates to 
whether 2 or 4 banks are present. Each bank is defined by a 
single RAS lines. When PD5 = 0, two banks are present, 
activated by RASO and RAS2. W henPD 5 = 1, two a dditional 
banks are present, activated by RAS1 and RAS3. A logical 
progression within th e system 's address space would be 
RASO, RAS2, RAS1 and RAS3 in tha t orde r. For a 36-bit data 
bank interpreted as an 18-bit card, RAS relates to the data 
bus as shown in Table 2. 

The PD6 and PD7 presence detects indicate the access 
time of the card from RAS true to data out. They are defined 
in Table 3. 

The PD8 presence detect is related to the refresh type of 
the card, either auto-refresh when PD8 = 0, or a 125 |is per 
row refresh rate when PD8 = 1. Presently all DRAM cards 
will leave PD8 open, indicati ng tha t the sys tem s hould 
provide refreshing, preferably a C AS-BEFORE-RAS type of 
refresh. This allows an address-independent refresh, which 
allows interchangeability among different card types. 


Table 3 

DATA OUT ACCESS TIME 


ACCESS TIME 

PD7 

PD6 

100ns 

(or 50ns for future cards) 

0 

0 

80ns 

0 

1 

70ns 

1 

0 

60ns 

1 

1 
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Table 4 

32-BIT PRODUCT OFFERINGS 


PRODUCT NUMBER 
(32-BIT SERIES) 

MEMORY 

SIZE (MB) 

WORD LENGTH 
(BITS) 

POWER 

SUPPLY 

SPEED 

MT8D88C25632-XX 

1 

16, 32 

5V 

60-1 00ns 

MT8D88C25632-xxV 

1 

16, 32 

3.3V 

100ns 

MT 1 6D88C51 232-xx 

2 

16, 32 

5V 

60-1 00ns 

MT 1 6D88C51 232-xxV 

2 

16,32 

3.3V 

100ns 

MT8D88C132-XX 

4 

16, 32 

5V 

60-1 00ns 

MT8D88C1 32-xxV 

4 

16, 32 

3.3 V 

100ns 

MT8D88C1 32-xxS 

4 

16, 32 

3.0/3.3V 

60-80ns 

MT 1 6D88C232-XX 

8 

16, 32 

5V 

60-1 00ns 

MT16D88C232-xxV 

8 

16, 32 

3.3V 

100ns 

MT 1 6D88C232-xxS 

8 

16, 32 

3.0/3.3V 

60-80ns 


PRODUCT OFFERING 

IC DRAM cards are offered through Micron. The current 
product spectrum provides memory sizes from 1 MB to 
8 MB in 16-, 18-, 32-, 36- and 40-bit word sizes, with both 5V 
and 3.3V (18- and 36-bit word sizes do not have 3.3V 
option). 

IC DRAM CARD 32-BIT SERIES 

The series MT8D88C25632 (1MB), MT16D88C51232 
(2MB), MT8D88C132 (4MB) and MT16D88C232 (8MB) are 
organized to provide a 32-bit word. It is identical to the 36- 
bit series, except that no bits are provided for parity protec- 


tion. The data pinout will differ from the 36-bit series as 
shown in Table 5. 

Micron's product offering is shown in Table 4. The series 
is provided with speed grades from 100ns to 60ns. This is 
specified with a -10, -8 or -6 suffix to the part number where 
"xx" is shown. The cards use low power extended refresh 
DRAMs. Cards using a 3.3V supply have their speed grade 
appended with a "V" option. Cards that use self refresh 
DRAMs have their speed grade appended with an "S" 
option. 


Table 5 

32-BIT AND 36-BIT SERIES 



32-BIT SERIES 

36-BIT SERIES 

ByteO 

D0-D7 

D0-D8 

Byte 1 

D9-D16 

D9-D17 

Byte 2 

D18-D25 

D18-D26 

Byte 3 

D27-D34 

D27-D35 
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Table 6 

36-BIT PRODUCT OFFERINGS 


PRODUCT NUMBER 
(36-BIT SERIES) 

MEMORY 

SIZE (MB) 

WORD LENGTH 
(BITS) 

POWER 

SUPPLY 

SPEED 

(ns) 

MT 1 2D88C25636-XX 

1 

16, 18, 32, 36 

5V 

60-1 00ns 

MT24D88C51 236-xx 

2 

16, 18,32, 36 

5V 

60-1 00ns 

MT 1 2D88C1 36-xx 

4 

16, 18, 32, 36 

5V 

60-1 00ns 

MT24D88C236-XX 

8 

16, 18, 32, 36 

5V 

60-1 00ns 


IC DRAM CARD 36-BIT SERIES 

The series MT12D88C25636 (1MB), MT24D88C51236 
(2MB), MT12D88C136 (4MB) andMT24D88C236 (8MB) are 
organized to provide a 36-bit word with parity per byte. 
Each byte is specified by a CAS control line; therefore, the 
card can provide 9- or 18-bit words with appropriate 
design on the system board. The MT12D88C25636 provides 
256K by 36 bits or 512K by 18 b its. Ba nk access (full word) 
is provided by the appropriate RAS lines. Refer to the ap- 
propriate datasheet for a block diagram of the internal 
architecture. Please note that this series does not support 
output enable and OE is internally tied. It is suggested for 


compatibility reasons that the system board also provide a 
tie to ground for the OE lines. 

Micron's product offering is shown in Table 6. The series 
is provided with speed grades from 100ns to 60ns. This is 
specified with a -10, -8, -7 or -6 suffix to the part number 
where "xx" is marked. The cards use low power extended 
refresh DRAMs. If an 8- or 9-bit card is desired, it can be 
created through the use of CAS line controls to differentiate 
the data lines by tying the upper data lines to the lower data 
lines. 
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Table 7 

40-BIT PRODUCT OFFERINGS 


PRODUCT NUMBER 
(40-BIT SERIES) 

MEMORY 
SIZE (MB) 

WORD LENGTH 
(BITS) 

POWER 

SUPPLY 

SPEED 

MT 1 2D88C25640-XX 

1 

16, 18,32,36, 40 

5V 

60-1 00ns 

MT12D88C25640-xxV 

1 

16, 18,32, 36, 40 

3.3V 

100ns 

MT24D88C51 240-xx 

2 

16, 18,32,36,40 

5V 

60-1 00ns 

MT24D88C51 240-xxV 

2 

16, 18, 32, 36, 40 

3.3V 

100ns 

MT12D88C140-XX 

4 

16, 18, 32, 36, 40 

5V 

60-1 00ns 

MT 1 2D88C1 40-xxV 

4 

16, 18,32, 36, 40 

3.3V 

100ns 

MT 1 2D88C 1 40-xxS 

4 

16, 18, 32, 36, 40 

3.0/3.3V 

60-80ns 

MT24D88C240-XX 

8 

16, 18,32,36,40 

5V 

60-1 00ns 

MT24D88C240-xxV 

8 

16, 18, 32, 36, 40 

3.3V 

100ns 

MT24D88C240-xxS 

8 

16, 18, 32, 36, 40 

3.0/3.3V 

60-80ns 


IC DRAM CARD 40-BIT SERIES 

The series MT12D88C25640 (1MB), MT24D88C51240 
(2MB), MT12D88C140 (4MB) and MT24D88C240 (8MB) 
provide a 40-bit word amenable to word-wise error correc- 
tion coding. The series does support output enable control 
and, therefore, read-modify- write cycles for error detection 
and correction. If desired, the card may function as a 
universal solution for 8-, 9-, 16-, 18-, 32-, 36- or 40-bit 
solution. The RAS and CAS lines are configured the same 
way a s th e above cards. In a 40-bit mode, RASO is tied to 
RAS2 and RAS1 is tied to RAS3. Also, CAS lines are tied 
together. This allows the first bank to be selected by RASO 


and RAS2 lines, and the second bank by RAS1 and RAS3 
lines. This is external to the card. 

Micron's product offering is shown in Table 7. The series 
is provided with speed grades from 100ns to 60ns. This is 
specified with a -10, -8 or -6 suffix to the part number. The 
cards use low power extended refresh DRAMs. Cards 
using a 3.3V supply have their speed grade appended with 
a "V" option. Cards that use self refresh DRAMs have their 
speed grade appended with an "S" option. Information on 
these and other IC card products is available from Micron. 
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SERVICES 

Micron stands ready to help customers who wish to enter 
the IC DRAM card market with proprietary solutions. Our 
staff engineers are well versed in the design of boards for 
the entire PCMCIA /JEDEC/JEID A arena. If one of our 
standard products does not meet your current needs, we 
are ready and able to design a custom solution for you. 

For customers desiring a standard product under private 
label, Micron can supply current products labeled and 
marked in virtually any manner the customer wishes. Sim- 
ply supply us with the desired artwork showing the desired 
markings and Micron will do the rest. 

Often overlooked by companies considering entrance 
into the IC card market are the mechanical considerations. 
Micron has invested considerable time and effort into de- 
veloping superior card frames, covers and components. 
Our custom design services break down the significant 
entry barriers to this burgeoning market and will get your 
product to market on-time and on-budget. Design services 
offered include 

Design from concept 

Schematic capture 

Board layout 

Enclosure design 

Thermal and signal noise analysis 

Custom marking 

Comprehensive testing 

Connector redesign 

ASIC solutions 

Packaging solutions 


For those considering including IC DRAM cards in their 
system design as an add in product, turnkey solution or 
custom design, a design guideline, "Designing for IC Cards" 
(publication no. PPG03) is available through Micron. Ap- 
plications engineering assistance is also available from 
8 a.m. to 5 p.m. Mountain Time at (208) 368-3900. 

The IC card arena is very fast-paced. Product develop- 
ment and introduction will quickly outdate current 
information. When contemplating a design in this arena, 
please call us for the latest product datasheets and design 
guidelines. 
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APPLICATION 

NOTE 


CHIPS & TECHNOLOGIES’ 
82C456 CONTROLLER USING 
MT4C1664 


INTRODUCTION 

Micron's MT4C1664 64K x 16 DRAM is an ideal solution 
for replacing 64K x 4 DRAMs in VGA systems. For a 256KB 
memory system, two MT4C1664 components replace eight 
64K x 4 DRAMs. This provides improved reliability and 
performance margins, decreased power consumption, re- 
duced costs and board savings using state-of-the-art 
technology. 

This application note shows how the MT4C1664 can be 
interfaced with the Chips and Technologies 82C456 VGA 
controller chip. It evaluates the pertinent timing param- 
eters and determines the amount of margin available 
between the two components. 


Micron's Technical Notes (TN-04-03 and TN-04-04) show 
that the MT4C1664 can interface with virtually any VGA 
controller available on the market. The timing analysis 
procedure used to evaluate the MT4C1664 and the 82C456 
may also be applied to other VGA controllers to determine 
how they may best be used with the MT4C1664. 

The schematics in Figure 1 show a 256KB memory, which 
interfaces with the 82C456. The memory is implemented 
with both MT4C1 664 (64K x 16 DRAM) and 64K x 4 DRAMs . 


256KB DRAM Memory with 
Two Micron 64K x 16 DRAMs 




Figure 1 

256KB EARLY-WRITE MEMORY 


40TE: 1 . This delay path needs to be slightly longer (minimum of Ons) than either NAND gate to ensure the WE to 

CAS setup time is met. This guarantees the DRAM will always be in EARLY-WRITE during WRITE cycles. 
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TIMING ANALYSIS 

The timing margin available between the MT4C1664 and 
the 82C456 is determined using each device's guaranteed 
minimum timing specifications. The first step in determin- 
ing the amount of timing margin is to construct the timing 
Waveforms of the VGA controller (Figure 2). The control 
and data comes from the controller and goes to the DRAM 
memory except for data out (Q), which comes from the 
DRAM back to the controller. 

The second step is to compare the specifications required 
by the DRAM to those of the VGA controller. The amount 
of margin available is the difference between the two. 
Remember that the minimum specification of the VGA 
controller is not the same as that of the DRAM. The VGA 
controller's minimum is that which the controller is guaran- 
teed to provide to the DRAM. The DRAM's minimum is 
that which the DRAM requires in order to function prop- 
erly. For example, the 82C456 specs its kTRP to be 25ns 
minimum (@ 40 MFlz) while the MT4C1664 only requires a 
minimum of 5ns. Thus, this difference results in a margin of 
20ns between what the 82C456 provides and what the 
MT4C1664 requires. 

The additional logic required to use the MT4C1664 with 
the Chips and Technologies 82C456 VGA controller intro- 
duces a timing skew on the CAS, WE and Q signals. The 


final portion of the analysis determines how much skew is 
tolerable. The second section of the timing waveform in 
Figure 2 shows the effects of the additional logic delays 
(timing skews) and the decrease in margin between the two 
devices. 

The analysis shows that logic delays of 10ns and 15ns 
(10ns for the negated NAND path and 15ns for the negated 
OR connected to a NAND path) allows the MT4C1664 to 
meet all of the Chips and Technologies 82C456 VGA speci- 
fications. 

Additional timing delay may be used in the added logic 
circuitry. The negated OR in series with the NAND path 
may have its delay increased by 5ns (from 15ns to 20ns) . An 
additional delay of more than 5ns will violate the TCRP 
minimum of the MT4C1664. Except for *CRP and t RSH, all 
the other parameters skewed by the added logic have more 
than sufficient timing margins. 

Table 1 summarizes the memory timing specifications of 
a VGA system using the 82C456 VGA controller with the 
MT4C1664. Logic delays of 10ns and 15ns introduced by the 
additional logic are also evaluated. The amount of timing 
margin available in both cases (with and without the logic 
delays) is summarized. 


Table 1 

MINIMUM TIMING SPECIFICATION COMPARISON 


PARAMETER 


DATA SHEET SPECIFICATIONS 

WITH LOGIC DELAY 


SYM 

82C456 

MT4C1664 

MARGIN 

82C456 

MT4C1664 

MARGIN 

UNITS 

NOTES 

RAS pulse width 

'RAS 

100 

100 

0 

- 

- 

- 

ns 

1 

CAS to RAS precharge time 

'CRP 

25 

5 

20 

10 

5 

5 

ns 


RAS hold time 

*RSH 

50 

25 

25 

35 

25 

10 

ns 


CAS pulse width 

‘CAS 

100 

25 

75 

- 

- 

- 

ns 

1 

Write command hold time 

twcs 

50 

0 

50 

5 

0 

5 

ns 


Write command setup time 

*WCH 

125 

20 

105 

95 

20 

75 

ns 


Column address setup time 

<ASC 

25 

0 

25 

- 

- 

- 

ns 

1 

Column address hold time 

'CAH 

75 

15 

60 

- 

- 

- 

ns 

1 

Data-in setup time 

'DS 

50 

0 

50 

65 

0 

65 

ns 


Data-in hold time 

*DH 

125 

15 

110 

110 

15 

95 

ns 


Access time from CAS 

*CAC 

75 

30 

45 

60 

30 

30 

ns 


Access time from RAS 

'RAC 

125 

100 

25 

- 

- 

- 

ns 

1 


NOTE: 1 . Additional logic does not skew timing between the 82C456 and the MT4C1 664. 
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The first value is the guaranteed minimum of the 
C & T 82C456 VGA controller. 

The second value is the required minimum of the 
MT4C1 664-10 DRAM. 
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Figure 2 

TIMING ANALYSIS OF MT4C1664 WITH C & T 82C456 
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OVERVIEW 

At Micron, we emphasize superior product quality 
through our unmatched reliability system. We define 
product reliability as a product's ability to perform its 
intended functions and operate under specified 
environmental conditions for a specified length of time. 
This section contains a brief overview of some of the 
issues that affect the reliability of IC devices, and briefly 
describes Micron's reliability program. 

For a more in-depth discussion of reliability, please 
refer to Micron's Quality /Reliability literature. 


RELIABILITY GOALS 

When we discuss reliability goals of semiconductor ICs, 
we typically refer to the traditional reliability curve of 
component life. The reliability curve, or "bathtub curve," 
appears below, where h(t) is the hazard rate or the 
probability of a component failing at t 0 +l in time if it has 
survived at time t Q . 

Figure 1 shows that the significant portion of this curve 
is the random failure segment. The term "infant mortality" 
refers to those ICs that would fail early in their lives due to 
manufacturing defects. To screen out such failures. Micron 
evaluates all our products using intelligent burn-in. This 
unique AMBYX™ intelligent burn-in/test system, 
developed by Micron is described in the following section. 




Figure 1 

RELIABILITY CURVE 
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MICRON'S AMBYX™ INTELLIGENT 
BURN-IN AND TEST SYSTEM 

Throughout the semiconductor industry, bum-in has 
been a crucial factor to increase memory product reliability. 
Micron stresses our memory devices to simulate years of 
normal use. Then we document and analyze the results so 
that we can take any corrective action needed. To effectively 
screen out infant mortalities. Micron believes it is critical 
to functionally test devices several times during the burn- 
in cycle without removing them from the burn-in oven. 
We were so convinced of the importance of highly refined 
burn-in that we searched for a system to meet this need. 
Because we found no system that met our requirements, 
we introduced the concept of "intelligent" burn-in and, in 
1986, developed the AMBYX™ intelligent burn-in and test 
system. Today, we use AMBYX to test every component 
product we make. 

With AMBYX, we can determine if the failure rate 
curves of individual product lots reach the random failure 
region of the bathtub curve by the end of the burn-in 
cycle. We subject product lots that do not exhibit a stable 
failure rate to additional burn-in. This burn-in flow also 
brings the slightest variation in a product's failure rate to 
our attention. 

Since AMBYX allows us to test devices for functionality 
without removing them from the burn-in oven, we 
effectively eliminate failures resulting from handling, 
thereby minimizing "noise" from the test results. During 
the test phase, output produced by the devices under test 
is compared to the pattern expected. If a discrepancy 
occurs, AMBYX records the failure and provides the bit 
address, device address, board address, temperature, Vcc 
voltage, test pattern and time set. 

During the burn-in cycle itself, devices are functionally 
tested in four intervals. The first test begins at room 
temperature. Then, we ramp up the oven to 85°C for more 
functional testing. This enables us to detect thermal 
intermittent failures, another unique feature of intelligent 
burn-in. We conduct the next test at 125°C — any device 
that does not pass this sequence is eliminated. As the 


burn-in process continues, the devices are dynamically 
stressed at high temperature and voltage for a given 
number of hours. At the end of this period, we functionally 
test all devices again, followed by another burn-in cycle 
and further tests. This sequence is repeated four times on 
every device in every production lot. 

These test results allow us to identify individual failures 
after each bum-in cycle. Figure d illustrates how the four 
burn-in and test cycles flow. The typical test results shown 
make up the first portion of the bathtub curve of 
component reliability. 

There are two important reasons that Micron conducts 
the last two burn-in and test periods (or "quarters") at 
lower Vcc than the first two portions. First, we want the 
several million device hours that we accumulate weekly 
on production lots to be conducted at stress conditions 
identical to the conditions for the extended high- 
temperature-operating-life (HTOL) test. All semiconductor 
manufacturers use this test to calculate random field failure 
rates. Second, we want to be sure we are not introducing 
new failure modes (failures unrelated to normal wearout) 
by testing them at extremely elevated conditions. In this 
way. Micron ensures that we've effectively screened our 
products for infant mortalities. 

Control charts, such as the one shown in Figure 3, alert 
us to trends in the failure rates of some lots. When we 
detect an increase in a certain failure rate, we pinpoint the 
lots that need additional burn-in cycles to identify all 
variables that might influence the failure rates of those 
lots. Such variables could include fabrication and assembly 
equipment, manufacturing shifts and time frames when 
the lots were processed through specific steps. 

The overall benefits of intelligent burn-in are wide 
ranging. Intelligent burn-in allows us to identify early-life 
failures and failure mechanisms as they would actually 
occur in customer applications. It also allows us to iden- 
tify problem lots that, if undetected, could contribute 
substantially to infant mortalities. 
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Intelligent 
Burn-In and Test 
Flow 


Bathtub Curve of 
Component Reliability 

(Individual Production Lots) 



Figure 2 

AMBYX™ BURN-IN/TEST FLOW AND TEST RESULTS 


ENVIRONMENTAL PROCESS 
MONITOR PROGRAM 

Micron's environmental process monitor (EPM) program 
is designed to ensure the reliability of our standard products. 
Under this program, we subject weekly samples of our 
various product and package types to a battery of 
environmental stress tests. 

As discussed in the previous pages, we test our devices 
for many hours under conditions designed to simulate 


years of normal field use. We then apply equations derived 
from intricate engineering models to the data collected 
from the accelerated tests. From these calculations, we are 
able to predict failure rates under normal use. Figure 3 shows 
the conditions for these tests, known as "accelerated 
environmental stress" tests. The EPM program described in 
Figure 3 is for our 1 Meg SRAM. 
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TEST NAME AND DESCRIPTION 

TEST DURATION 

BIWEEKLY SAMPLE SIZE 

HIGH TEMPERATURE OPERATING LIFE 

(125°C, 6.0V, Checkerboard/Checkerboard Complement Pattern) 

1 ,008 Hours 

1 00 Devices 

TEMPERATURE AND HUMIDITY 
(85°C, 85% R.H., 5.5V, Alternating Bias) 

1,008 Hours 

50 Devices 

AUTOCLAVE (121°C, 100% R.H., 15 PSI, No Bias) 

288 Hours 

25 Devices 

LOW TEMPERATURE LIFE 

(-25°C, 7.0V, Checkerboard/Checkerboard Complement Pattern) 

1 ,008 Hours 

5 Devices 

TEMPERATURE CYCLE (-65°C TO +1 50°C, Air to Air) 

1 ,000 Cycles 

50 Devices 

THERMAL SHOCK (-55°C TO +1 25°C, Liquid to Liquid) 

700 Cycles 

1 0 Devices 

HIGH TEMPERATURE STORAGE (1 50°C, No Bias) 

1 ,008 Hours 

50 Devices 

ELECTROSTATIC DISCHARGE (+ and -) 

MIL- STD-301 5.7 

40 Devices 


NOTE: Samples pulled from five different lots at finished goods. 


Figure 3 

SAMPLE ENVIRONMENTAL PROCESS MONITOR - 1 MEG SRAM 
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FAILURE RATE CALCULATION 

The failure rate during the useful life of a device is expressed 
as percent failures per thousand device hours or as FITs 
(failures in time, per billion device hours). Using Micron's 4 
Meg DRAM as an example, the failure rate is calculated as 
follows: 

Failure Rate = Pn + [Device hours x A.F. environment] 

A.F. is relative to the typical operating 
environment. 

where: Pn = Poisson Statistic (at a given confidence 

level). In our example, Pn = 0.916 at at 60 
percent confidence level. 

Device hours = sample size multiplied by test time 
(in hours) In our example, device hours equal 
8.145 x 10 5 in an accelerated environment. 

A.F. =acceleration factor between the stress 
environment and typical use conditions. For 
the 4 Meg DRAM, the acceleration factor 
between 125°C, 6V (HTOL stress conditions) 
and 50°C, 5V (typical operating conditions) 
equals 89.2. (Calculation of this acceleration 
factor is described in the following section.) 


Thus, the failure rate of the Micron 4 Meg DRAM family 
is computed as follows: 


where: total device hours at test conditions = 3.04 x 10 6 . 
Equivalent device hours at typical use conditions 
(50°C, 5V Vcc) using an acceleration factor of 
89.2 equals 89.2 (8.145 x 10 5 ) = 75 x 10 6 . 

To translate this failure rate into percent failures per 
thousand device hours, we multiply the failure rate obtained 
from the equation above by 10 5 : 

Failure Rate = (1.261 x 10' 8 ) x 10 5 = 0.001261% or 0.0013% 

per IK device hours 

To state the failure rate in FITs, we multiply the failure rate 
obtained from the equation above by 10 9 : 


Failure Rate = (1.261 x 10 8 ) x 10 9 = 12.61 or 13 FITs 


Failure Rate = 0.916 * (8.145 x 10 5 ) (89.2) = 1.261 x 10' 8 
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ACCELERATION FACTOR CALCULATION 

Again, using the 4 Meg DRAM as our example, the 
acceleration factor between high temperature operating life 
stress conditions (125°C, 6V) and typical operating 
conditions (50°C, 5V) is computed using the following 
models: 

ACCELERATION FACTOR DUE TO TEMPERATURE 
STRESS 

The acceleration factor due to temperature stress is 
computed using the Arrhenius equation, which is stated as 
follows: 



where: k = Boltzmann's constant , which is equal to 
8.617 x 10“ 5 eV/K 

T 1 and T 2 = typical operating and stress 
temperatures, respectively, in kelvins 
E = activation energy in eV (For oxide defects, 
which is the most common failure mechanism 
for the 4 Meg DRAM, used in our example, the 
activation energy is determined to be 0.3eV.) 

Using these values, the temperature acceleration factor 
between 125°C and 50°C is computed to be 7.62. 


ACCELERATION FACTOR DUE TO VOLTAGE 
STRESS 

The acceleration factor due to voltage stress is computed 
using the following model: 



where: 

v 1 and v 2 = stress voltage and typical operating voltage, 
respectively, in volts 

P= constant, the value of which was derived 
experimentally by running several sessions 
of Micron's intelligent burn-in test sequence 
at different voltages on large numbers of the 
device. (For the 4 Meg DRAM used in our 
example, 6 equals 4.92.) 

Thus, the voltage acceleration factor for the 4 Meg DRAM 
between 6V (stress condition) and 5V (typical operating 
condition) is computed to be 11.70. 

Finally, the overall acceleration factor due to temperature 
and voltage stress is calculated as the product of the 
two respective acceleration factors or: 

AfJ - A F xAF 

’overall ’temperature ’voltage 

= 7.62x11.70 
= 89.2 
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Figure 4 

AMBYX™ FOURTH QUARTER FAILURES 


OUTGOING PRODUCT QUALITY 

Before being sent to our finished goods area, where 
products are prepared for shipping, a special unit within the 
quality assurance department takes a one-percent sample 
from each production lot. These samples are subjected to 
visual and electrical testing in order to measure the acceptable 
quality level (AQL) of all outgoing product. Figure 4 shows 
a flowchart illustrating Micron's AQL test procedure. 

Visual or mechanical testing consists of an unaided visual 
inspection of the sample devices for any physical irregularities 
that could negatively affect device performance. If a sample 
device is found to have, for example, a bent lead, a package 
irregularity or excess solder, the entire lot is returned to our 
test area for a 100 percent visual inspection. 

Electrical testing of the sample devices is performed using 


ATE (automatic test equipment) systems. Testing is 
conducted at room temperature (~25°C) and at 70°C. Should 
an electrical failure occur, a quality assurance engineer 
further evaluates the failing device. After completing this 
analysis, the quality assurance engineer determines which 
production monitor/test should have caught the failure, 
and the entire lot is retested at that point in the test flow. 
These are important steps to preserve the integrity of our test 
process. 

Micron records the percent of devices found to be defective 
in the total number sampled weekly on a control chart. This 
chart, containing AQL data for the previous 52 weeks, is 
presented in weekly management meetings so that the quality 
assurance department can take appropriate action. 
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Example of Special Processing: Lot Mounted on Tape & Reel 



Store Lot in Moistrue 
Sensitive Area to Await 
Tape & Reel Mounting. 


Forward Lot to Tape & 
Reel for Mounting. 


Receive Tape & Reel 
Mounted Lot(s), Sealed in 
a Static Resistive Pouch. 


Visually Check Pouch to 
Ensure Proper Seal and 
Accuracy of Labels. 


Forward Tape & Reel 
Mounted Lots to 
Shipping. 


Figure 6 

AQL TEST FLOW — SPECIAL PROCESSING 
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AUTOMATED DATA CAPTURE & 
ANALYSIS 

Micron has developed a sophisticated data capture and 
analysis system with a computer network tailored to the 
needs of quality IC manufacturing. Figure 5 shows the 


various functional areas that provide the input to our VAX 
data bases. 



Figure 7 

STATISTICAL CORRELATION 


DATA CAPTURE 

Automated, real-time data capture makes real-time 
charting (X and R charts, etc.) of all critical operations and 
processes possible and ensures that appropriate personnel 
know of any unexpected variation on a timely basis. As 
production lots move through each manufacturing step, 
detailed information (including step number, lot number, 
machine number, date /time, and operator number) is 
entered into the production data base. Automated, highly- 
programmable measurement systems capture a host of 
parameters associated with equipment, on-line process 
material and environmental variables. 

ANALYTICAL TOOLS 

By using highly flexible, on-line data extraction programs, 
system users can tap this vast data base and design their own 
correlation and trend analyses. Because we can correlate 
process variables to product performance, we can make on- 
line projections of the quality of our finished product for a 
given lot or process run. In addition, we can estimate the 


impact of process improvements on quality well in advance 
and can make the impact of process deviations more visible 
to our engineers. This approach allows us to model yield and 
quality parameters based on on-line parameters. We then 
use this model to predict the final product results through 
the following means: 

GROUP SUMMARIES 

Summaries, which provide the means and standard 
deviations of user-defined parametrics, enable system users 
to compare the parametric values of production lots as well 
as special engineering lots. 

TREND ANALYSIS 

Trend charts are routinely generatedfor critical parameters. 
System users can plot the means and ranges of any probe or 
parametric data captured throughout the manufacturing 
process. 
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CORRELATION ANALYSIS 

Correlation analysis can be performed on any combination 
of factors; such as equipment, masks or electrical parameters. 
One report, regularly produced and disseminated to key 
personnel, takes two groups of lots (one with a high failure 
rate, the other with a low failure rate) and identifies all the 
pieces of equipment that are common to one or the other 
group. The report quickly alerts us to any correlation between 
a lot with a high failure rate and particular piece(s) of 
equipment in the wafer fabrication or assembly areas. 

Another regularly produced report analyzes a user- 
selected set of database parametrics against an index, such as 
manufacturing yield. Lots are divided into three subgroups 
(upper yielding, middle yielding and lower yielding). The 
report then correlates the yields with all electrical parametric 
values taken on individual lots at wafer sort. It helps us 
determine which processing step may have caused the yields 
to vary among the three subgroups. 

STATISTICAL PROCESS CONTROL CHARTS 

Micron employs SPC control charts throughout the 
company to monitor and evaluate critical process parameters, 
such as critical dimensions (CDs), oxide thickness, chemical 
vapor depositions (CVDs), particle counts, temperature and 
humidity, and many other critical process and product 
quality parameters. 


OVERLAYS OR WAFER MAPS 

Maps, which are produced for all wafers during probe, 
show various parameters as a function of position on the 
wafer and are very useful for problem isolation. Maps may 
be analyzed individually or in groups. For example, wafers 
from an entire lot may be analyzed in relation to one particular 
parameter. 

RS/1 DISCOVER/EXPLORE 

This analysis software is used for experimental design, 
and evaluation of results. The statistical approach supported 
by this software ( t tests, ANOVA tables, multiregression 
analysis, etc.) has proven invaluable in reducing time 
expended for product development and trouble shooting. It 
is also used to determine the relationships between process 
output and probe and parametric data. Using multiregression 
analysis, for example, we are able to determine the 
relationship between L effective and CD dimensions to the 
speed of a device. 

The use of automation in data capture, analysis and 
feedback greatly enhances the flexibility and speed with 
which we can view all aspects of the manufacturing process. 
This effective data analysis and feedback system helps to 
reduce parametric deviations, improve margin to 
specifications, increase manufacturing yields and provide 
more accurate fabrication output planning. 
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FABRICATION* 


INCOMING 


Incoming 

Verification that the starting material is clean and uniform, and complies with all requirements. Each wafer 
receives an individual laser scribe for total product traceability. 


PHOTOLITHOGRAPHY 

/ 


Photolithography 

Wafers are coated with a layer of light-sensitive photoresist. Specified sections of the wafer are exposed by 
projecting ultraviolet light onto the wafer through a mask. The exposed photoresist hardens and becomes 
impervious to etchants. 


ETCH 


Etch 

The areas of the wafer not protected by the exposed photoresist are removed by either plasma (dry etch) or acid 
(wet etch). The photoresist is then cleaned ("stripped") off of the wafer, leaving a pattern in the exact design of the 
mask. 


DIFFUSION 


Thermal Processing 

Wafers are placed in furnaces where they are exposed to various gases while being heated to temperatures over 
1,000 degrees celsius.Layers similar to glass are grown on the wafer. These layers help form the building blocks 
for the circuitry constructed on each wafer. 


IMPLANT 

v / 


Implant 

Wafers are bombarded with positively or negatively charged dopant ions, which are implanted into the silicon. 
This process changes electrical characteristics in selective areas of the silicon. This is called "doping," and forms 
conductive regions on the wafer. 


METAL 


Metal 

A thin layer of aluminum or other metal is deposited and patterned, forming interconnections between various 
regions of the die. 


PASSIVATION 


PROBE 



Passivation 

The fabrication process is completed by forming a final glass layer on the wafer. This layer protects the circuits 
from contamination or damage through the testing and packaging process flows. 

Probe 

When the fabrication process is complete, each wafer consists of many "dice." Each die on the wafer is taken 
individually through a series of tests. A computer attached to a probe card tests the die and produces a "wafer 
map" storing data on each functioning (good) die . All data is collected and stored for each die. Wafer maps are 
used in assembly to ensure that only good dice are packaged. 

Assembly (see next page) 


*This flow is general and is based on DRAM products. 
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ASSEMBLY* 




WAFER SAW 

V J 



DIE ATTACH 



WIRE BOND 

V y 



MOLD 

V j 



LASER MARK 

V J 



TRIM FORM 



LEAD FINISH 

V J 


Hg 

Vi 


TO TEST 


j 


Fabrication 

Before assembly, incoming raw silicon wafers are processed through a myriad of fabrication steps. This fabrication 
process yields fully-fabricated wafers containing complete, functioning circuitry in die form. These wafers go to 
assembly so each individual die may be separated and packaged prior to final testing. 

Wafer Saw 

Wafers that have finished Fab processing and probe are automatically mounted on a carrying film. The wafer is 
then sawed using an automated, high-speed diamond blade and high-pressure water. This separates each 
individual die from the others on the wafer without disturbing the carrying film. 

Die Attach 

With automated pick-and-place equipment, the good dice as specified by the probe "wafer map" are removed from 
the carrier film. Each die is attached to a leadframe with a layer of adhesive. 

Wire Bond 

With high-speed automated equipment, interconnections are made with gold wire (the diameter of a human hair). 
These interconnections are between the aluminum circuit on the die and the lead fingers of the leadframe. 

Mold 

A heated mold with a hydraulic press is used to transfer hot thermosetting plastic into mold cavities where the 
leadframe is placed. This encapsulation protects the die and the interconnections throughout the useful life of the 
product. 

Laser Mark 

A laser mark is scribed on the bottom side of the package. This mark is a code used to identify the assembly 
manufacturing lot. 

Trim/Form 

A press with a tool set is used to cut and form leads of the lead frame into specified shapes. Some packages have 
leads formed for surface mount applications. Other packages have leads for through-hole applications. 

Lead Finish 

Each package is given a lead finish of tin/lead (solder) to ensure reliable application by the customer. 


Test (see next page) 


*This flow is general and is based on DRAM products. 
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TEST* 

Assembly 

Fully fabricated silicon wafers reach assembly after each die has been probed to screen out failures. Passing chips 
are then carried through a number of steps to become individual units in leaded packages. 

Hot Pregrade 

At temperatures ranging from 83°C to 125°C, parts are tested for speed grade and functionality. Parametric tests 
are performed to detect opens, shorts, input and output leakage, input and output high and low levels and standby 
current. Functional tests include low and high Vcc margin, vbump, speed sorting, dynamic and static refresh, and 
a full range of patterns and backgrounds. Patterns performed include row fast, column fast, single and multiple 
walking columns and diagonals, moving inversions, and fast page or static column. Backgrounds used include 
solids, checkerboard, row stripes, column stripes and parity. Specific tests and temperatures as applicable to 
specific products. 

Marking 

Devices are marked with ink with the following information: year, special process designator, part type, package 
type and speed grade. 

Bum-in 

Micron uses its exclusive AMBYX™ intelligent burn-in and test system to screen out infant mortalities. Devices 
are dynamically bumed-in using checkerboard/checkerboard complement patterns in four intervals under the 
following conditions: 125°C, 7.5V Vcc for the first two intervals and 125°C, 6V Vcc for the final two intervals. 
Functional testing is performed at 85°C and back to 25°C AMBYX™ tests for thermal intermittent opens. Devices 
are also functionally tested at bum-in conditions (125°C, 7.5V) at the beginning of the burn-in cycle to verify that 
the devices under test are being properly exercised. 

Ambient Post 

At a temperature of 25°C, parametric tests include input and output leakage as well as standby and operating 
currents. Functional tests include low and high Vcc margin, vbump, speed sorting, dynamic and static refresh, and 
a full range of patterns and backgrounds. Patterns performed include row fast, column fast, single and multiple 
walking columns and diagonals, moving inversions and fast page or static column. Backgrounds used include 
solids, checkerboard, row stripes, column stripes and parity. 

Hot Final 

At a temperature of 78°C to 100°C, parametric tests include input and output leakage as well as input and output 
high and low levels. Functional tests include low and high Vcc margin, vbump, speed sorting, dynamic and static 
refresh, and a full range of patterns and backgrounds. Patterns performed include row fast, column fast, single and 
multiple walking columns and diagonals, moving inversions and fast page or static column. Backgrounds used 
include solids, checkerboard, row stripes, column stripes and parity. 

Scanner 

Devices are optically scanned by an automated scanning machine for bent leads, incorrect splay, coplanarity 
failures and tweeze failures. Passing and failing parts are then sorted into appropriate bins. 

Visual Inspection 

All devices, now tested to be functional, are visually inspected for cosmetic defects such as bent leads, poor marks, 
broken packages and poor solder. Defective products are removed and repaired if possible. Data on the type of 
defects found is carefuly recorded and used for improving the manufacturing processes in both assembly and test. 

Quarantine 

All production lots are held at this stage until a quality assurance monitoring program confirms that electrical and 
environmental specifications are met. 

Packaging 

Devices are prepared for shipping. They may remain in tubes or they maybe mechanically placed in tape-and-reel 
packages, ready for application in automatic pick-and-place machines. Products will be either dry packed in 
vacuum sealed bags, or placed in black antistatic bags. 

Finished Goods 

Devices are shipped through a system that maintains lot identity. 

*This flow is general and is based on DRAM products. 
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PACKAGING 
PLASTIC DIP 


18-PIN PLASTIC DIP (300 mil) 

N-1 



NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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JOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC ZIP 



NOTE: 1 . All dimensions in inches (millimeters) —21 or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC ZIP 


20-PIN PLASTIC ZIP (400 mil) 

0-2 





MOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC ZIP 



NOTE: 1 . All dimensions in inches (millimeters) — - or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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.550 ( 13 . 97 ) 
. 450 ( 11 . 43 ) 



l^icnoN 


PACKAGING 
PLASTIC ZIP 


40-PIN PLASTIC ZIP (475 mil) 

0-4 



or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 


NOTE: 1. All dimensions in inches (millimeters) 
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52-PIN PLCC 

P-1 
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PACKAGING 
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MOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC SOJ 


24/26-PIN PLASTIC SOJ (300 mil) 

Q-2 



NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. . 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01 ” per side. 
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24/28-PIN PLASTIC SOJ (400 mil) 

Q-3 



NOTE: 1 . All dimensions in inches (millimeters) —- or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC SOJ 



NOTE: 1 . All dimensions in inches (millimeters) — — or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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MOTE: 1 . All dimensions in inches (millimeters) — - or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC SOJ 


42-PIN PLASTIC SOJ (400 mil) 

Q-7 





NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC TSOP 


20/26-PIN PLASTIC TSOP (300 mil) 

R-1 



DETAIL A .032 (0.80) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC TSOP 


24/28-PIN PLASTIC TSOP (400 mil) 

R-2 



PIN 1 .050 (1.27) .020(0.50) 

TYP. .012(0.30) 


I 



DETAIL A .032 (0.80) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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PACKAGING 
PLASTIC TSOP 


28-PIN PLASTIC TSOP (400 mil) 

R-3 



DETAIL A .032 (0.80) 


NOTE: 1 . All dimensions in inches (millimeters) — ~ or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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32-PIN PLASTIC TSOP (400 mil) 

R-4 


R R R HR 

.823 (20.91) 

RRRRRRRf 

R flJ" 

O 



U FT? H"B" 

'-I 1- 

.050(1.27) 

TYP. 

w s”h _ ]pryTn 

.020 (0.50) 
.012(0.30) 

rHTHl 


SEE DETAIL A 


0.37 (0.95) 


.467 (11.86) 
.459 (11.66) 


.402 (10.21) 
.398 (10.11) 


.007 (0.18) 
.005 (0.12) 


LC^ .004 (0.10) 


0.47 (1.20) 
MAX. 


.008 (0.20) 
.004 (0.10) 

DETAIL A 


.016(0.40) 


.032 (0.80) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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■ PACKAGE INFORMATION 


MICRON 

I TECHNOLOGY, INC. 


PACKAGING 
PLASTIC TSOP 


40/44-PIN PLASTIC TSOP (400 mil) 

R-5 



DETAIL A .032 (0.80) 


NOTE: 1 . All dimensions in inches (millimeters) — * or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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44/50-PIN PLASTIC TSOP (400 mil) 

R-6 



DETAIL A .032 (0.80) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 

2. Package width and length do not include mold protrusion, allowable mold protrusion is .01” per side. 
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■ PACKAGE INFORMATION 


MICRON 

■ TECHNOLOGY. INC. 


PACKAGING 
SIP MODULE 


30-PIN MODULE SIP 

S-1 


.200 (5.08) 



TYP. .018 (.018) 


30-PIN MODULE SIP 

S-2 


.200 (5.08) 



TYP. .018 (.018) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 
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PACKAGING 
SIP MODULE 




gg PACKAGE INFORMATION 


MICRON 

■ TECHNOLOGY, INC. 


PACKAGING 
SIP MODULE 


30-PIN MODULE SIP 

S-5 


.200 (5.08) 



1 . All dimensions in inches (millimeters) - 


-or typical where noted. 
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PACKAGING 
SIP MODULE 




|| PACKAGE INFORMATION 


MICRON 

■ TECHNOLOGY. INC. 


PACKAGING 
SIP MODULE 


30-PIN MODULE SIP 

S-7 


.200 (5.08) 



TYP. .018 (.018) 


1 . All dimensions in inches (millimeters) - 


-or typical where noted. 
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■ PACKAGE INFORMATION 





■ PACKAGE INFORMATION 


MICRON 

■ TECHNOLOGY. INC. 


PACKAGING 
SIMM MODULE 


30-PIN MODULE SIMM 

T-1 



.080 (2.03) .100 (2.54) .070 (1 .78) 

TYP. TYP. 


30-PIN MODULE SIMM 

T-2 



.080(2.03) .100(2.54) .070(1.78) 

TYP. TYP. 


NOTE: 1 . All dimensions in inches (millimeters) - 1 - — or typical where noted. 

MIN 
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MICRON 

B TECHNOLOGY, INC. 


PACKAGING 
SIMM MODULE 


30-PIN MODULE SIMM 

T-3 



.200 (5.08) 
MAX. 



.054 (1.37) 
.047 (1.19) 


30-PIN MODULE SIMM 

T-4 


3.510(89.15) 


.125 (3.18) s. 

TYP. \ 

1 

.250(6.35) 

3.490(88.65) 


.133 (3.37) 

TYP. 

"N 

o' 

L 

1 


| 




si i 

ii i 

it i 

it i 

ii i 

ii i 

ii i 

ii i 

n 





, I 

t .810(20.57) 

.790 (20.07) 
.400(10.16) | 

TYP. ] 

op! 

nmi 

0 

r lHfii 

iq o 

iVirtr 

lOMj 

^ifinr* 




0 

rinn 



V „ : : 

' — PIN 1 


.080 (2.03) . 1 00 (2.54) .070 (1 .78) 

TYP. TYP. 


.200 (5.08) 
MAX. 



.054(1.37) 
.047 (1.19) 


IOTE: 1 . All dimensions in inches (millimeters) — — or typical where noted. 

MIN 
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g| PACKAGE INFORMATION 


MICRON 

■ TECHNOLOGY, INC. 


PACKAGING 
SIMM MODULE 


30-PIN MODULE SIMM 

T-5 


3.510(89.15) 


.125(3.18) s. 

TYP. ^ 

i 

" 3.490 (88.65) 

.133 (3.37) 

TYP. 

t)' 

> 

o 

1 

©- 

! 

-L 1 

400 no 161 - 610 ( 15 -49) 

.250 (6.35). 


i 

400 ( 10 .16) .590 (14.99) 

1 


— PIN 1 

— — 

t 


.080 (2.03) .100 (2.54) .070 (1 .78) 

TYP. TYP. 


.200 (5.08) 
MAX. 


.054 (1.37) 
.047(1.19) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 
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MICRON 

■ TECHNOLOGY, INC. 


PACKAGING 
SIMM MODULE 


30-PIN MODULE SIMM 

T-6 


FRONT VIEW 



.350 ( 8 . 89 ) 
MAX. 


10 


. 054 ( 1 . 37 ) 

. 047 ( 1 . 19 ) 


NOTE: 1 . All dimensions in inches (millimeters) — - - or typical where noted. 

MIN 
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■ PACKAGE INFORMATION 


MICRON 

S TECHNOLOGY, INC. 


PACKAGING 
SIMM MODULE 


30-PIN MODULE SIMM 

1-7 



.200 (5.08) 
MAX. 


SL 

.054 (1,37) 
.047 (1.19) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 
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MICRON 

B TECHNOLOGY, INC. 


PACKAGING 
SIMM MODULE 


30-PIN MODULE SIMM 

T-8 


FRONT VIEW 



IOTE: 1 . All dimensions in inches (millimeters) — — or typical where noted. 

MIN 


.350 (8.89) 
MAX. 



.054(1.37) 

.047(1.19) 


\CKAGING 
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H PACKAGE INFORMATION 



72-PIN MODULE SIMM 

T-10 



NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 


PACKAGING 
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MICRON 

■ TECHNOLOGY. INC. 


PACKAGING 
SIMM MODULE 


72-PIN MODULE SIMM 

T-1 1 



.200 ( 5 . 08 ) 
MAX. 



■054 ( 1 . 37 ) 
. 047 ( 1 . 19 ) 


72-PIN MODULE SIMM 

T-1 2 



.350 ( 8 . 98 ) 
MAX. 



. 054 ( 1 . 37 ) 
.047 ( 1 . 19 ) 


NOTE: 1 . All dimensions in inches (millimeters) — — or typical where noted. 

MIN 
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PACKAGE INFORMATION 




NOTE: 1 . Ail dimensions in inches (millimeters) or typical where noted. 

MIN 
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MICRON 

■ TECHNOLOGY, INC. 


PACKAGING 
SIMM MODULE 


72-PIN MODULE SIMM 

T-15 



72-PIN MODULE SIMM 

T-16 



.200 (5.08) 
MAX. 



.054 (1.37) 
.047(1.19) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 


=ACKAGING 
^EV. 4/92 
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■ PACKAGE INFORMATION 


MICRON 

B TECHNOLOGY, INC. 


PACKAGING 
SIMM MODULE 


72-PIN MODULE SIMM 

T-17 



.200 (5.08) 
MAX. 



.054(1.37) 
.047 (1.19) 


72-PIN MODULE SIMM 

T-18 



.350 (8.98) 
MAX. 



.054(1.37) 

.047(1.19) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 
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MICRON 

m TECHNOLOGY. INC. 


PACKAGING 
SIMM MODULE 


72-PIN MODULE SIMM 

T-19 



.200 ( 5 . 08 ) 
MAX. 


. 054 ( 1 . 37 ) 
.047 ( 1 . 19 ) 


72-PIN MODULE SIMM 

T-20 



.350 ( 8 . 89 ) 
MAX 



.054 ( 1 . 37 ) 
.047 ( 1 . 19 ) 


NOTE: 1 . All dimensions in inches (millimeters) or typical where noted. 

MIN 
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MICRON 

■ TECHNOLOGY. INC. 


PACKAGING 
SIMM MODULE 



MICRON 

■ TECHNOLOGY. INC. 


PACKAGING 
1C DRAM CARD 



| PACKAGE INFORMATION 


MICRON 

■ TECHNOLOGY. INC. 
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DYNAMIC RAMS 


H«»lSRiIiiil»«liI8Xiilli81MISi8R8SIlKMISliXIBl 


WIDE DRAMS 


S 5* 5f 4 S « f ^ ^ 'i » i *< ■'J « « ^ > S ^ 3 -*! a if A ^ Ti S * r ‘ Jt v, 4 » O ^ s 




IC DRAM CARDS 


£8888gaa£K£!M£NMMMi i «tKMli»«a!«Si£9gjRSKMKnaSB*SKaaEa 


MULTIPORT DRAMS 


® m ■>$ m m m m m i ixiiiiiisi 




1HSR1I1 


# « 'i a & * ? ■* , ? >; S * <« iili 3 


'* & m , - *: r ■< v * u si m m m m m m i 




SALES INFORMATION 





CUSTOMER 
SERVICE NOTE 


STANDARD SHIPPING 
BAR CODE LABELS 


INTRODUCTION 

Effective July 1, 1991, Micron Technology implemented 
new standard bar coding labels which will accompany all 
shipments. These labels conform to EIA Standard 556. 

Samples and tape-and-reel boxes have their own 
individual bar code labels (see CSN-02) . The bar code labels 
allow customers to scan individual Micron containers for 
quick order verification. Figure 1 shows an example of the 
standard bar coding label. 

BAR CODE INFORMATION 

The information provided on the label is: 

(S) — Serial: Individual box serial number 


— Special: Individual box number and total 
number of boxes in the shipment 
(example: 2 of 10) 

(Q) — Quantity: Total quantity of parts in the box 
(K) — Trans ID: Customer purchase order number 
(P) — Customer Product ID: Customer part number. 
If a customer part number is not designated, 
the Micron part number will be printed. 

ADDITIONAL SALES INFORMATION 

Ship-to-Name: Customer's name and ship-to address 
Ship-From-Name: Micron name and address 

Lot Date Code: Indicates date of oldest lot in the box 


(13Q) 



Figure 1 

STANDARD BAR CODE LABEL 
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| SALES INFORMATION 


MICRON SALE 

■ TECHNOLOGY, INC. 

!S INFORMATION 
CSN-02 




CUSTOMER TAPE-AND-REEI7SAMPLE 

SERVICE NOTE BAR C0DE LABELS 


INTRODUCTION BAR CODE INFORMATION 

Micron Technology provides a standard bar code label The information provided on the label is: 

on each individual sample and tape-and-reel box. The 

standard bar code label allows scanning of Micron shipping Label 1 : Individual box number (in a multi-box shipment) 
containers at a receiving dock for quick order verification. Actual box number printed 

Figure 1 shows an example of the standard bar code label. Micron part number / speed / customer code 

Part type /rev /quantity /date code of oldest lot* 



Figure 1 
LABEL 1 


^Indicates that more than one date code is contained on the reel. 
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MICRON 

B TECHNOLOGY, INC. 


SALES INFORMATION 
CSN-03 


CUSTOMER SURFACE-MOUNT 

SERVICE NOTE PRODUCTS’ SPC LABELS 


INTRODUCTION 

Effective November 15 1991, Micron Technology began 
providing a new SPC label on all surface-mount products. 
The label is attached to the static column bag for tubed 
products and to the front of the bag for tape-and-reel 
packaged products. 

Figure 1 shows an example of the standard SPC label, 
while Figures 2 and 3 show the difference between the 
labels for tubed and tape-and-reel packaged products. 


DATE INFORMATION 

The SPC label includes the date on which the tube or reel 
was hermetically sealed in drypack. It also lists the ID 
number of the operator who sealed the product. 



Figure 1 

SURFACE-MOUNT PRODUCT SPC LABEL 



Heat Sealed Bag (Tube Configuration) 
Moisture Barrier Bag 

Yellow “EDS” Warning Label 


Micron Marketing Label 


SPC Label - Operator ID# Date Bag Sealed 
Blue EDS and Bag Label 


Figure 2 

TUBED PRODUCT LABEL 



TAPE-AND-REEL PACKAGED 
PRODUCT LABEL 
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■ SALES INFORMATION 


MICRON 

■ TECHNOLOGY. INC. 


SALES INFORMATION 
CSN-03 
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MICRON 

m TECHNOLOGY. INC. 


SALES INFORMATION 
PRODUCT NUMBERING 


EXPANDED COMPONENT NUMBERING SYSTEM 


Micron 
DRAM 
CMOS 
256K x 4 


AA BBCC DDDD FFF -GG 

III I 


MT4C4256DJ-8 


zz zz 



Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 


AA - PRODUCT LINE IDENTIFIER 


Component Product MT 

BB - PRODUCT FAMILY 

DRAM 4 

DPDRAM 42 

TPDRAM 43 

SRAM 5 

FIFO 52 

Cache Data SRAM 56 

Synchronous SRAM ... 58 

CC - PROCESS TECHNOLOGY 

CMOS C 

Low Voltage CMOS LC 

DDDD -DEVICE NUMBER 

(Can be modified to indicate variations) 

DRAM Width, Density 

DPDRAM Width, Density 

TPDRAM ............ Width, Density 

SRAM ....Total Bits, Width 

CACHE Density, Width 

Latched SRAM Total Bits, Width 

FIFO Width, Total Bits 

Synchronous SRAM Density, Width 

E- DEVICE VERSIONS 

(Alphabetic characters only; located between D and F when 
required) 

JEDEC Test Mode (4 Meg DRAM) J 

Errata on Base Part Q 


FFF - PACKAGE CODES 


PLASTIC 

DIP Blank 

DIP (Wide Body) W 

ZIP..... Z 

LCC ... EJ 

SOP/SOIC SG 


FFF - PACKAGE CODES (continued) 

QFP 

TSOP (Type II) 

TSOP (Reversed) 

TSOP (Longer) ....... 

SOJ 

SOJ (Reversed) ... 

SOJ (Longer) 

DIE 

Die 

Wafer 

Military Die 

Military Wafer 

Ceramic 

DIP 

DIP (Narrow Body) 

DIP (Wide Body).... 

LCC 

LCC (Narrow Body) 

LCC (Wide Body) 

SOP/SOIC 

SOJ 

PGA 

FLAT PACK 

GG - ACCESS TIME 

-5 

-6 

-7 ... 

-8 

-10 

-12 

-15 

-17 

-20 

-25 

-35 

-45 

-50 (SRAM only) 

-53 


LG 

TG 

RG 

.TL 

DJ 

DR 

DL 


.XDC 

XWC 

...XD 

..XW 

C 

...CN 
..CW 
....EC 
.ECN 
ECW 
...CG 
. DCJ 
...CA 
F 


....5ns or 50ns 
....6ns or 60ns 
...7ns or 70ns 
....8ns or 80ns 
10ns or 100ns 
12ns or 120ns 
15ns or 150ns 

17ns 

20ns 

25ns 

35ns 

45ns 

50ns 

...53ns 
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SALES INFORMATION 
PRODUCT NUMBERING 



EXPANDED COMPONENT NUMBERING SYSTEM (continued) 


Micron 
DRAM 
CMOS 
256 K x 4 


AA BBCC DDDD 


FFF -GG 


MT 4C4256D J-8 



zz zz 


VL 


Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 


GG - ACCESS TIME (continued) 

-70 (SRAM only) 70ns 

ZZ ZZ - PROCESSING CODES 

(Multiple processing codes are separated by a space and are 
listed in hierarchical order). 

Example: 

A DRAM supporting low power , extended refresh (L); low voltage 
(V) and the industrial temperature range (IT) would be indicated as: 


V L IT 

Interim I 

Low Voltage V 

DRAMS 

Low Power (Extended Refresh) L 

Low Voltage, Low Power (Extended Refresh) VL 

Low Power (Self Refresh) S 

Low Voltage, Low Power (Self Refresh) VS 

SRAMS 

Low Volt Data Retention L 

Low Power.. P 

Low Power, Low Volt Data Retention LP 

Low Voltage, Low Power VP 


ZZ ZZ - PROCESSING CODES (continued) 


Low Voltage, Low Volt Data Retention VL 

Low Voltage, Low Volt Data Retention, 

Low Power t, VB 

EPI Wafer ....E 

Commercial Testing 

0°C to +70°C Blank 

-40°C to +85 °C IT 

-40°C to +125°C . AT 

-55°C to +125°C .....XT 

MIL-STD-883C Testing 

-55°C to +125°C 883C 

-55°C to +110°C (DRAMS) 883C 

0°C to +70°C M070 

Special Processing 

Engineering Sample. ES 

Mechanical Sample MS 

Sample Kit* SK 

Tape and Reel* TR 

Bar Code* ..BC 


* Used in device order codes; this code is not marked on device. 
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MICRON 

8® TECHNOLOGY. INC. 


SALES INFORMATION 
PRODUCT NUMBERING 


NEW COMPONENT NUMBERING SYSTEM 


Micron 
DRAM 
CMOS 
1 Meg x 1 6 


AA BBCC DDDDDD EE FFF -GG ZZZZ 

I L 


MT4C1 Ml 6A1 DJ-8 VL 


Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 
Data Sheet Defined 


AA - PRODUCT LINE IDENTIFIER 

Component Product MT 

BB - PRODUCT FAMILY 

DRAM 4 

DPDRAM 42 

TPDRAM 43 

Synchronous DRAM 48 

SRAM 5 

FIFO 52 

Latched SRAM .56 

Synchronous SRAM 58 


CC - PROCESS TECHNOLOGY 


CMOS C 

Low Voltage CMOS LC 


DDDDDD - DEVICE NUMBER 

Depth, Width 

Example: 

1M16 s 1 Megabit deep by 16 bits wide = 16 Megabits of total 
memory 


No Letter 

K 

M 

G 

EE -DEVICE VERSIONS 


Bits 

...Kilobits 

Megabits 

..Gigabits 


(The first character is an alphabetic character only; the 
second character is a numeric character only.) 
Specified by individual data sheet 


FFF -PACKAGE CODES 


Plastic 

DIP Blank 

DIP (Wide Body) W 

ZIP Z 

LCC EJ 

S0P/S0IC. SG 


FFF - PACKAGE CODES (continued) 

QFP 

TSOP (Type II) 

TSOP (Reversed) ............. 

TSOP (Longer) 

SOJ 

SOJ (Reversed) 

SOJ (Longer) 

DIE 

Die 

Wafer 

Military Die 

Military Wafer 

CERAMIC 

DIP 

DIP (Narrow Body) 

DIP (Wide Body)....... 

LCC (Narrow Body) 

LCC 

LCC (Wide Body) 

SOP/SOIC 

SOJ 

PGA 

FLAT PACK 

GG - ACCESS TIME 

-5 

-6 

-7 

-8 

-10 

-12 

-15 

-17 

-20 

-25 

-35 

-45 

-50 (SRAM only) 


LG 
TG 
RG 
.TL 
, DJ 
DR 
DL 


..XDC 

,.XWC 

XD 

XW 


C 

...CN 
..CW 
.ECN 
...EC 
ECW 
...CG 
. DCJ 
...CA 
F 


....5ns or 50ns 
....6ns or 60ns 
....7ns or 70ns 
....8ns or 80ns 
10ns or 100ns 
12ns or 120ns 
15ns or 150ns 

17ns 

20ns 

25ns 

35ns 

45ns 

50ns 
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MICRON 

B TECHNOLOGY, INC. 


SALES INFORMATION 
PRODUCT NUMBERING 


NEW COMPONENT NUMBERING SYSTEM (continued) 


Micron 
DRAM 
CMOS 
1 Meg x 1 6 


AA BB CC DDDDDD EE FFF -GG ZZ 11 




MT4C1 Ml 6A1 DJ-8 VL 




Low Voltage, Low Power (Extended Refresh) 
80ns Access Time 
SOJ Package 
Data Sheet Defined 


GG - ACCESS TIME (continued) 


-53 53ns 

-55 55ns 

-70 (SRAM only) 70ns 


ZZ ZZ - PROCESSING CODES 

(Multiple processing codes are separated by a space and are 
listed in hierarchical order.) 

Example: 

A DRAM supporting low power, extended refresh ( L ); low voltage 
(V) and the industrial temperature range (IT) would be indicated as: 


V L IT 

Interim ... I 

Low Voltage V 

DRAMs 

Low Power (Extended Refresh) L 

Low Voltage, Low Power (Extended Refresh) VL 

Low Power (Self Refresh) S 

Low Voltage, Low Power (Self Refresh) VS 

SRAMs 

Low Volt Data Retention L 

Low Power P 

Low Power, Low Volt Data Retention LP 

Low Voltage, Low Power VP 


ZZ ZZ - PROCESSING CODES (continued) 


Low Voltage, Low Volt Data Retention VL 

Low Voltage, Low Volt Data Retention, 

Low Power VB 

EPI Wafer E 

Commercial Testing 

0°C to +70°C Blank 

-40°C to +85°C ...IT 

-40°C to +125°C AT 

-55°C to +125°C XT 

MIL-STD-883C Testing 

-55°C to +125°C 883C 

-55°C to +110°C (DRAMs) .....883C 

0°C to +70°C M070 

Special Processing 

Engineering Sample ES 

Mechanical Sample MS 

Sample Kit* SK 

Tape and Reel* ...TR 

Bar Code* BC 


* Used in device order codes; this code is not marked on device. 
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MICRON 

■ TECHNOLOGY, INC. 


SALES INFORMATION 
PRODUCT NUMBERING 


MODULE NUMBERING SYSTEM 


Micron 
12 Components 
DRAM Module 
1 Meg 


AA BB CDDDEE F GG HH 


_l I I I L_L J L 

MT12D136GL-7 



70ns Access Time 

Low Power (Extended Refresh) 

Gold Plating 

x36 


AA - PRODUCT LINE IDENTIFIER 

Micron Technology Component Product 


GG - SPECIAL DESIGNATOR 

MT Low Power L 


BB - NUMBER OF MEMORY COMPONENTS 
C-RAM FAMILY 


SRAM S 

DRAM.. D 


DDD - DEPTH 
EE - WIDTH 
F- PACKAGE CODE 


DIP D 

Gold Plate G 

ZIP Z 

SIP N 

SIMM M 


HH - ACCESS TIME 


-10 10ns or 100ns 

-15 ..15 ns 

-20 .....20ns 

-25 25ns 

-30 .....30ns 

-35 .....35ns 

-45 45ns 

-6 60ns 

-7 70ns 

-8 80ns 
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SALES INFORMATION 
PRODUCT NUMBERING 


1C DRAM CARD NUMBERING SYSTEM 


AA BB CCCC DDDEE F-GG 

_l I I ±_l I L 

MT1 2 D88C 1 36 -8 

Micron — ^ 

1 2 Components 1 

88-Pin DRAM Card 1 


80ns Access Time 
Special Designator 
x36 
1 Meg 


AA - PRODUCT LINE IDENTIFIER 

Micron Technology Component Product MT 

BB - NUMBER OF MEMORY COMPONENTS 

CCCC - DRAM CARD DESIGNATOR AND PIN COUNT 

88-Pin DRAM Card D88C 

60-Pin DRAM Card D60C 

DDD- DEPTH 


EE -WIDTH 


F - SPECIAL DESIGNATOR 


3.3 Volts V 

G- ACCESS TIME 

-5 ....50ns 

-6 60ns 

-7 70ns 

-8 80ns 
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ORDERING INFORMATION 


ORDER INFORMATION* 

Each Micron component family is manufactured and 
quality controlled in the USA at our modern Boise, Idaho, 
facility employing Micron's low-power, high- 
performance CMOS silicon-gate process. Micron products 
are functionally equivalent to other manufacturers' products 
meeting JEDEC standards. Device functionality is 
consistently assured over a wider power supply, 
temperature range and refresh range than specified. Each 
unit receives continuous system-level testing during many 
hours of accelerated burn-in prior to final test and shipment. 
This testing is performed with Micron's exclusive AMB YX™ 
intelligent bum-in and test system. 

ORDER EXAMPLES 

DRAM 

1 Meg x 1 , 60ns in Plastic SOJ 


PRODUCT# 

PACKAGE 

SPEED 

1 



MT4C1024DJ -6 


WIDE DRAM 

51 2K x 8, 80ns in Plastic SOJ 


PRODUCT# 

PACKAGE 

SPEED 




MT4C8512DJ -8 


Please contact the factory for technical, test and application 
assistance. Micron can also furnish the sales representative 
and distributors nearestyou. Micron's quality assured policy 
is to offer prompt, accurate and courteous service while 
assuring reliability and quality. 

Telephone: (208) 368-3900 
FAX: (208) 368-4431 
Customer Comment Line: 

(800) 932-4992 (USA) 

01 (208) 368-3410 (Inti.) 


DRAM MODULE 

1 Meg x 8, 60ns in SIMM Module 


PRODUCT# 

PACKAGE 

SPEED 

1 1 1 


i zi r 


MT2D2568M -6 

MULTIPORT 

256 K x 4, 70ns in Plastic ZIP 


PRODUCT# 

PACKAGE 

SPEED 




MT42C4256Z -7 


IC DRAM CARD 

256K x 32, 60ns IC DRAM Card 


PRODUCT# 

SPEED 

1 



MT8D88C25632 -6 


*For more detailed information, refer to the Product Numbering charts on pages 9-4 through 9-9. 
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ALABAMA 

Representative 

Southeast Technical Group 
101 Washington, Suite 6 
Huntsville, AL 35801 
Phone -205-534-2376 
FAX -205-534-2384 

Distributors 

Hall-Mark Electronics Corporation 
4890 University Square 
Business Center, Suite 1 
Huntsville, AL 35816 
Phone -205-837-8700 
FAX -205-830-2565 

Pioneer Technology 
4835 University Square, Suite #5 
Huntsville, AL 35818 
Phone -205-837-9300 
FAX -205-837-9358 

Military Distributor 

Zeus Components, Inc. 

1750 West Broadway, Suite 114 
Oviedo, FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

ARIZONA 

Representative 

Quatra Associates 

4645 South Lakeshore Dr., Suite #1 

Tempe, AZ 85282 

Phone -602-820-7050 

FAX -602-820-7054 

Distributors 

Anthem Electronics Incorporated 
1555 10th PL, Suite #101 
Tempe, AZ 85281 
Phone -602-966-6600 
FAX -602-966-4826 

Hall-Mark Electronics Corporation 
4637 S. 36th Place 
Phoenix, AZ 85040 
Phone -602-437-1200 
FAX -602-437-2348 

Wyle Laboratories 
4141 E. Raymond St., Suite #1 
Phoenix, AZ 85040 
Phone -602-437-2088 
FAX -602-437-2124 


Military Distributors 

JAN Devices, Inc. 

6925 CanbyAve., Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

ARKANSAS 

Representative 

Nova Marketing Incorporated 
8350 Meadow Road, Suite 174 
Dallas, TX 75231 
Phone -214-750-6082 
FAX -214-750-6068 

Distributors 

Anthem Electronics, Inc. 

651 N. Plano Rd., Suite 429 
Richardson, TX 75081 
Phone -214-238-7100 
FAX -214-238-0237 

Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone -214-553-4300 
FAX -214-343-5988 

Pioneer Electronics 
13765 Beta Road 
Dallas, .TX 75244 
Phone -214-386-7300 
FAX -214-490-6419 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75081 
Phone -214- 235-9953 
FAX -214-644-5064 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX - 214-234-4385 


CALIFORNIA 

Representatives (Northern California) 

Bay Area Electronics Sales, Inc. 

2001 Gateway Place, Suite 315 
San Jose, CA 95110 
Phone -408-452-8133 
FAX -408-452-8139 

Bay Area Electronics, Inc. 

5711 Reinhold St. 

Fair Oaks, CA 95628 
Phone -916-863-0563 
FAX -916-863-0615 

Representatives (Southern California) 

Jones & McGeoy Sales, Incorporated 
801 Parkcenter Drive, Suite 250 
Santa Ana, CA 92705 
Phone -714-547-6466 
FAX -714-547-7670 

Jones & McGeoy Sales, Incorporated 
5060 Shoreham Place 
San Diego, CA 92122 
Phone -619-458-5856 
FAX -619-453-0034 

Jones & McGeoy Sales, Incorporated 
20501 Ventura Blvd., Suite 130 
Woodland Hills, CA 91364 
Phone -818-715-7161 
FAX -818-715-7199 

Distributors 

Anthem Electronics Incorporated 
1160 Ridder Park Drive 
San Jose, CA 95131 
Phone -408-453-1200 
FAX -408-452-2281 

Anthem Electronics Incorporated 
9131 Oakdale Avenue 
Chatsworth, CA 91311 
Phone -818-700-1000 
FAX -818-775-1302 

Anthem Electronics Incorporated 
1 Old Field Drive 
East Irvine, CA 92718-2809 
Phone -714-768-4444 
FAX -714-380-4747 

Anthem Electronics Incorporated 
580 Menlo Drive, Suite 8 
Rocklin, CA 95677 
Phone -916-624-9744 
FAX -916-624-9750 
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Anthem Electronics Incorporated 
9369 Carroll Park Drive 
San Diego, CA 92121 
Phone -619-453-9005 
FAX -619-546-7893 

Hall-Mark Electronics Corporation 
9420 Topanga Canyon Blvd. 
Chatsworth, CA 91311 
Phone -818-773-4500 
FAX -818-773-4555 

Hall-Mark Electronics Corporation 
580 Menlo Drive, Suite 2 
Rocklin, CA 95677 
Phone -916-624-9781 
FAX -916-961-0922 

Hall-Mark Electronics Corporation 
3878 Ruffin Road, Unit 10B 
San Diego, CA 92123 
Phone -619-268-1201 
FAX -619-268-0209 

Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95030 
Phone -408-432-4000 
FAX -408-432-4044 

Hall-Mark Electronics Corporation 

#lMauchly 

Irvine, CA 92718 

Phone -714-727-6000 

FAX -714-727-6066 

Pioneer Technologies 
134 Rio Robles 
San Jose, CA 95134 
Phone -408-954-9100 
FAX -408-954-9113 

Pioneer Technologies 

217 Technology Drive, Suite 110 

Irvine, CA 92718 

Phone -714-753-5500 

FAX -714-753-5074 

Wyle Laboratories 
(Accounting Office Only) 

128 Maryland Avenue 
El Segundo,CA 90245 
Phone -213-322-1763 
FAX -213-322-1763 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone -408-727-2500 
FAX -408-727-5896 


Wyle Laboratories 
17872 Cowan Avenue 
Irvine, CA 92714 
Phone -714-863-9953 
FAX -714-863-0473 

Wyle Laboratories 
2951 Sunrise Blvd., Suite #175 
Rancho Cordova, CA 95742 
Phone -916-638-5282 
FAX -916-638-1491 

Wyle Laboratories 
9525 Chesapeake Drive 
San Diego, CA 92123 
Phone -619-565-9171 
FAX -619-565-0512 

Wyle Laboratories 
26010 Mureau Road, #150 
Calabasas, CA 91302 
Phone -818-880-9000 
FAX -818-880-5510 

Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

22700 Savi Ranch Parkway 
Yorba Linda, CA 92686 
Phone -714-921-9000 
FAX -714-921-2715 

Zeus Components, Inc. 

5236 Colodny Drive, Suite 102 
Agoura Hills, CA 91301 
Phone -818-889-3838 
FAX -818-889-2464 

Zeus Components, Inc. 

5225 Ruffin Road, Suite 200 
San Diego, CA 92123 
Phone -619-277-9681 
FAX -619-277-7105 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 


CANADA 

Representatives 

Clark-Hurman Associates 
20 Regan Road, Unit #14 
Brampton, Ontario L7A 1C3 
Canada 

Phone -416-840-6066 
FAX -416-840-6091 

Clark-Hurman Associates 
66 Colonnade Road, Suite 205 
Nepean, Ontario K2E 7K7 
Canada 

Phone -613-727-5626 
FAX -613-727-1707 

Clark-Hurman Associates 
4 Chester 

Pointe Claire, Quebec H9R 4H7 
Canada 

Phone -514-426-0453 
FAX -514-426-0455 

Davetek Marketing 
107-3738 North Fraser Way 
Burnaby, BC V5J 5G1 
Canada 

Phone 604-430-3680 
FAX -604-435-5490 

Distributors 

Semad Electronic 
85 Spy Court 

Markham, Ontario L3R 4Z4 
Canada 

Phone -416-475-3922 
FAX -416-475-4158 

Semad Electronic 
1825 Woodward Dr. 

Ottawa, Ontario K2C OR3 
Canada 

Phone -613-727-8325 
FAX -613-727-9489 

Semad Electronic 
8563 Government Street 
Burnaby, B.C. V3N4S9 
Canada 

Phone -604-420-9889 
FAX -604-420-0124 

Semad Electronic 
243 Place Frontenac 
Pointe Claire, PQ H9R 4Z7 
Canada 

Phone -514-694-0860 
FAX -514-694-0965 
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ON 


Semad Electronic 
6120 3rd St. S.E.,Unit9 
Calgary, Alberta T2H 1K4 
Canada 

Phone -403-252-5664 
FAX -403-255-0966 

COLORADO 

Representative 

Wescom Marketing 
4891 Independence St. 

Wheatridge, CO 80033 
Phone -303-422-8957 
FAX -303-422-9892 

Distributors 

Anthem Electronics Incorporated 
373 Inverness Drive 
Englewood, CO 80112 
Phone -303-790-4500 
FAX -303-790-4532 

Hall-Mark Electronics Corporation 
12503 E. Euclid Dr., Suite #20 
Englewood, CO 80111 
Phone -303-790-1662 
FAX -303-790-4991 

Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone -303-457-9953 
FAX -303-457-4831 

Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 951 19 
Phone -408-629-4789 
FAX -408-629-4892 

CONNECTICUT 

Representative 

Advanced Tech Sales Incorporated 
Westview Office Park 
Building 2, Suite 1C 
850 N. Main St. Extension 
Wallingford, CT 06492 
Phone -203-284-0838 
FAX -203-284-8232 


Distributors 

Anthem Electronics 
61 Mattatuck Heights 
Waterbury, CT 06705 
Phone -203-575-1575 
FAX -203-596-3232 

Hall-Mark Electronics Corporation 
125 Commerce Ct., Unit 6 
Cheshire, CT 06410 
Phone -203-271-2844 
FAX -203-272-1704 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone -203-853-1515 
FAX -203-838-9901 

Military Distributor 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

DELAWARE 

Representative 

Omega Electronic Sales Incorporated 
2655 Interplex Drive, Suite 104 
Trevose, PA 19047 
Phone -215-244-4000 
FAX -215-244-4104 

Distributor 

Pioneer Technologies 
500 Enterprise Road 
Horsham, PA 19044 
Phone -215-674-4000 
FAX -215-674-3107 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

DISTRICT OF COLUMBIA 

Representative 

Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 


Distributors 

Anthem Electronics, Inc. 

7168 A Columbia Gateway Drive 
Columbia, MD 21046-2101 
Phone -301-995-6640 
FAX -301-381-4379 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone -301-988-9800 
FAX -301-381-2036 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone -301-921-0660 
FAX -301-921-3852 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

FLORIDA 

Representatives 

Photon Sales, Inc. 

1600 Sarno Rd., Suite #21 
Melbourne, FL 32935 
Phone -407-259-8999 
FAX -407-259-1323 

Photon Sales, Inc. 

715 Florida St. 

Orlando, FL 32806 
Phone -407-896-6064 
FAX -407-896-6197 

Photon Sales, Inc. 

11210 Garfield Court 
Seffner,FL 33584 
Phone -813-689-6751 
FAX -813-689-6811 

Photon Sales, Inc. 

3475 B. East Bay Drive 
Largo, FL 34641 
Phone -813-531-2272 
FAX -813-536-4599 

Distributors 

Anthem Electronics Incorporated 
2555 Enterprise Rd., Suite #11-2 
Clearwater, FL 34623 
Phone -813-797-2900 
FAX -813-796-4880 
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Chip Supply 

7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
Phone -407-298-7100 
FAX -407-290-0164 

Hall-Mark Electronics Corporation 
10491 72nd St. North, #303 
Largo, FL 34647 
Phone -813-541-7440 
FAX -813-544-4394 

Hall-Mark Electronics Corporation 
3161 Southwest 15th Street 
Pompano Beach, FL 33069-4806 
Phone -305-971-9280 
FAX -305-971-9339 

Hall-Mark Electronics Corporation 
489 E. Semoran Blvd., Suite #145 
Casselberry, FL 32707 
Phone -407-830-5855 
FAX -407-767-5002 

Pioneer Technologies 
337 South-North Lake #1000 
Altamonte Springs, FL 32701 
Phone -407-834-9090 
FAX -407-834-0865 

Pioneer Technologies 
5500 Rio Vista Drive 
Clearwater, FL 34620 
Phone -813-531-5037 
FAX -918-492-0546 

Pioneer Technologies 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Phone -305-428-8877 
FAX -305-481-2950 

Military Distributor 

Zeus Components, Inc. 

1750 W. Broadway, Suite 114 
Oviedo, FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

GEORGIA 

Representative 

Southeast Technical Group 
2620 Deer Isle Cove 
Lawrenceville, GA 30244 
Phone -404-979-2055 
FAX -404-979-2055 


Distributors 

Hall-Mark Electronics Corporation 
3425 Corporate Way, Suite A 
Duluth, GA 30136-2552 
Phone -404-623-4400 
FAX -404-476-8806 

Pioneer Technologies 
4250 C Rivergreen Parkway 
Duluth, GA 30136 
Phone -404-623-1003 
FAX -404-623-0665 

Military Distributor 

Zeus Components, Inc. 

1750 West Broadway, Suite 114 
Oveido,FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

HAWAII 

Representatives 

Bay Area Electronics 
2001 Gateway PL, Suite 315 
San Jose, CA 95110 
Phone -408-452-8133 
FAX -408-452-8139 

Bay Area Electronics 
5711 Reinhold Street 
Fair Oaks, CA 95628 
Phone -916-863-0563 
FAX -916-863-0615 

Distributors 

Anthem Electronics Incorporated 
1160 Ridder Park Drive 
San Jose, CA 95131 
Phone -408-453-1200 
FAX -408-452-2281 

Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95030 
Phone -408-432-4000 
FAX -408-432-4044 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone -408-727-2500 
FAX -408-727-5896 

IDAHO 

Representative 

Contact Micron 
Component Sales 
Phone -208-368-3900 


Distributors 

Anthem Electronics, Inc. 

1279 West 2200 South 
Salt Lake City, UT 84119 
Phone -801-973-8555 
FAX -801-973-8909 

Hall-Mark Electronics Corporation 
12503 E. Euclid Drive, Suite 20 
Englewood, CO 80111 
Phone -303-790-1662 
FAX -303-790-4991 

Wyle Laboratories 
1325 West 2200 South, Suite E 
West Valley, UT 84119 
Phone -801-974-9953 
FAX -801-972-2524 

Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

ILLINOIS 

Representatives 

Advanced Technical Sales 
13755 St. Charles Rock Road 
Bridgeton, MO 63044 
Phone -314-291-5003 
FAX -314-291-7958 

Industrial Representatives, Inc. 
8430 Gross Point Road 
Skokie, IL 60077 
Phone -708-967-8430 
FAX -708-967-5903 

Distributors 

Anthem Electronics Incorporated 
1300 Remington, Suite A 
Schaumburg, IL 60173 
Phone -708-884-0200 
FAX -708-884-0480 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale,IL 60191 
Phone -708-860-3800 
FAX -708-860-0239 
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Pioneer Standard 
2171 Executive Drive, Suite 200 
Addison, IL 60101 
Phone -708-495-9680 
FAX -708-495-9831 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

INDIANA 

Representatives 

Scott Electronics, Inc. (S. Indiana) 
7321 Shadeland Station, Suite 256 
Indianapolis, IN 46256 
Phone -317-841-0010 
FAX -317-841-0107 

Scott Electronics, Inc. (N. Indiana) 
Lima Valley Office Village 
8109 Lima Road 
Fort Wayne, IN 46818 
Phone -219-489-5690 
FAX -219-489-1842 

Distributors 

Hall-Mark Electronics Corporation 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone -317-872-8875 
FAX -317-876-7165 

Pioneer Standard 
9350 N. Priority Way, West Dr. 
Indianapolis, IN 46240 
Phone -317-573-0880 
FAX -317-573-0979 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 


IOWA 

Representative 

Advanced Technical Sales 
375 Collins Road N.E. 

Cedar Rapids, IA 52402 
Phone -319-393-8280 
FAX -319-393-7258 

Distributors 

Anthem Electronics Incorporated 
7646 Golden Triangle Dr., #160 
Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale,IL 60191 
Phone -708-860-3800 
FAX -708-860-0239 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prarie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

KANSAS 

Representative 

Advanced Technical Sales 
601 N. Mur-Len, Suite 8 
Olathe, KS 66062 
Phone -913-782-8702 
FAX -913-782-8641 

Distributors 

Hall-Mark Electronics Corporation 
10809 Lakeview Avenue 
Lenexa, KS 66215 
Phone -913-888-4747 
FAX -913-888-0523 

Pioneer Electronics 
111 Westport Plaza, #625 
St. Louis, MO 63146 
Phone -314-542-3077 
FAX -314-542-3078 


Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

KENTUCKY 

Representatives 

Scott Electronics, Inc. 

10901 Reed-Hartman Hwy., Suite 301 
Cincinnati, OH 45242-2821 
Phone -513-791-2513 
FAX -513-791-8059 

Distributors 

Hall-Mark Electronics Corporation (E. Ky.) 
777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone -614-888-3313 
FAX -614-888-0767 

Hall-Mark Electronics Corporation (W. Ky.) 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone -317-872-8875 
FAX -317-876-7165 

Pioneer Standard (W. Ky.) 

9350 N. Priority Way, W. Dr. 

Indianapolis, IN 46240 
Phone -317-573-0880 
FAX -317-573-0979 

Pioneer Standard (E. Ky.) 

4433 Interpoint Boulevard 
Dayton, OH 45424 
Phone -513-236-9900 
FAX -513-236-8133 

LOUISIANA 

Representative 

Nova Marketing Incorporated 
8350 Meadow Road, Suite 174 
Dallas, TX 75231 
Phone -214-750-6082 
FAX -214-750-6068 

Distributors 

Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone -214-553-4300 
FAX -214-343-5988 
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Wyle Laboratories 
15 3rd Avenue 
Burlington, MA 01803 
Phone -617-272-7300 
FAX -617-272-6809 


Pioneer Electronics 
13765 Beta Road 
Dallas, TX 75244 
Phone -214-386-7300 
FAX -214-490-6419 

Wyle Laboratories 
1810 North Greenville Avenue 
Richardson, TX 75081 
Phone -214-235-9953 
FAX -214-644-5064 

Military Distributors 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 


Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

MAINE 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics 
36JonspinRoad 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 

Gerber Electronics 
128 Carnegie Road 
Norwood, MA 02062 
Phone -617-769-6000 
FAX -617-762-8931 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -508-667-0902 
FAX -508-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 


Military Distributors 

JAN Devices 
44 Cochrane St. 

Melrose, MA 02176 
Phone -617-662-3901 
FAX -617-662-0837 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

MARYLAND 

Representative 

Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 

Distributors 

Anthem Electronics 

7168 A Columbia Gateway Drive 

Columbia, MD 21046-2101 

Phone -301-995-6640 

FAX -301-381-4379 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone -301-988-9800 
FAX -301-381-2036 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone -301-921-0660 
FAX -301-921-3852 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 


MASSACHUSETTS 

Representative 

Advanced Tech Sales, Inc. 

348 Park Street, Suite 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics, Inc. 

36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 

Gerber Electronics 
128 Carnegie Road 
Norwood, MA 02062 
Phone -617-769-6000 
FAX -617-762-8931 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -508-667-0902 
FAX -508-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Wyle Laboratories 
15 3rd Avenue 
Burlington, MA 01803 
Phone -617-272-7300 
FAX -617-272-6809 

Military Distributors 

JAN Devices, Inc. 

44 Cochrane St. 

Melrose, MA 02176 
Phone -617-662-3901 
FAX -617-662-0837 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone 617-246-8200 
FAX -617-246-8293 

MICHIGAN 

Representative 

Rathsburg Associates Incorporated 
34605 Twelve Mile Rd. 

Farmington Hills, MI 48331-3263 
Phone -313-489-1500 
FAX -313-489-1480 
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Distributors 

Hall-Mark Electronics Corporation 
38027 Schoolcraft Road 
Livonia, MI 48150 
Phone -313-462-1205 
FAX -313-462-1830 

Pioneer Standard 
4505 Broadmoor Avenue, S.E. 
Grand Rapids, MI 49512 
Phone -616-698-1800 
FAX -616-698-1831 

Pioneer Standard 
13485 Stamford 
Livonia, MI 48150 
Phone -313-525-1800 
FAX -313-427-3720 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

MINNESOTA 

Representative 

HMR Incorporated 
9065 Lyndale Avenue 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 

Distributors 

Anthem Electronics Inc. 

7646 Golden Triangle Dr., #160 
Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone -612-881-2600 
FAX -612-881-9461 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 


Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

MISSISSIPPI 

Representative 

Southeast Technical Group 
Route 10, Box 368 
Meridian, MS 39301 
Phone -601-485-7055 
FAX -601-485-7063 

Distributors 

Hall-Mark Electronics Corporation 
4890 University Square 
Business Center, Suite 1 
Huntsville, AL 35816 
Phone -205-837-8700 
FAX -205-830-2565 

Pioneer Technologies 
4835 University Square, Suite #5 
Huntsville, AL 35818 
Phone -205-837-9300 
FAX -205-837-9358 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

MISSOURI 

Representative 

Advanced Technical Sales 
13755 St. Charles Rock Road 
Bridgeton, MO 63044 
Phone -314-291-5003 
FAX -314-291-7958 

Distributors 

Hall-Mark Electronics Corporation 
3783 Rider Trail So. 

Earth City, MO 63045 
Phone -314-291-5350 
FAX -314-291-0362 


Pioneer Standard 
111 Westport Plaza, #625 
St. Louis, MO 63146 
Phone -314-542-3077 
FAX -314-542-3078 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

MONTANA 

Military Distributor 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

NEBRASKA 

Representative 

Advanced Technical Sales 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
Phone -913-782-8702 
FAX -913-782-8641 

Distributors 

Hall-Mark Electronics Corporation 
10809 Lakeview Dr. 

Lenexa, KS 66215 
Phone -913-888-4747 
FAX -913-888-0523 

Wyle Laboratories 
451 E 124th Street 
Thornton, CO 80241 
Phone -303-457-9953 
FAX -303-457-4831 

Military Distributor 

Zeus Components, Inc. 

1800 North Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

NEVADA 

Representatives 

Bay Area Electronics Sales, Inc. 
2001 Gateway Place, Suite 315 
San Jose, CA 95110 
Phone -408-452-8133 
FAX -408-452-8139 
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Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Military Distributor 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

NEW JERSEY 

Representatives 

Omega Electronics 
2655 Interplex Dr., Suite 104 
Trevose, PA 19047 
Phone -215-244-4000 
FAX -215-244-4104 


Bay Area Electronics Sales, Inc. 

235 Prince George St. 

Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 

Distributors 

Anthem Electronics Incorporated 
580 Menlo Drive, Suite 8 
Rocklin, CA 95677 
Phone -916-624-9744 
FAX -916-624-9750 

Hall-Mark Electronics Corporation 
580 Menlo Dr., Suite 2 
Rocklin, CA 95677 
Phone -916-624-9781 
FAX -916-961-0922 

Wyle Laboratories 
2951 Sunrise Blvd., Suite 175 
Rancho Cordova, CA 95742 
Phone -916-638-5282 
FAX -916-638-1491 

Military Distributors 

JAN Devices, Inc. 

44 Cochrane St. 

Melrose, MA 02176 
Phone -617-662-3901 
FAX -617-662-0837 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

NEW HAMPSHIRE 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -508-667-0902 
FAX -508-667-4129 


Parallax, Inc. 

734 Walt Whitman Road 
Melville, NY 11747 
Phone -516-351-1000 
FAX -516-351-1606 

Distributors 

Anthem Electronics, Inc. 

355 Business Center Drive 
Horsham, PA 19044 
Phone -215-443-5150 
FAX -215-675-9875 

Anthem Electronics, Inc. 

26 Chapin Road, Unit K 
Pine Brook, NJ 07058 
Phone -201-227-7960 
FAX -201-227-9246 

Hall-Mark Electronics Corporation 
Moorestown West Corporate Center 
225 Executive Drive, Suite 5 
Moorestown, NJ 08057 
Phone -609-235-1900 
FAX -609-235-3381 

Hall-Mark Electronics Corporation 
200 Lanidex Plaza, 2nd Floor 
Parsippany, NJ 07054 
Phone -201-515-3000 
FAX -201-515-4475 

Pioneer Standard 
14A Madison Road 
Fairfield, NJ 07006 
Phone -201-575-3510 
FAX -201-575-3454 


Pioneer Technologies 
500 Enterprise Road 
Horsham, PA 19044 
Phone -215-674-4000 
FAX -215-674-3107 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

NEW MEXICO 

Representative 

Quatra Associates Incorporated 
600 Autumnwood Place, S.E. 
Albuquerque, NM 87123 
Phone -505-296-6781 
FAX -505-292-2092 

Distributors 

Anthem Electronics Inc. 

1555 W. 10th PL, Suite #101 
Tempe, AZ 85281 
Phone -602-966-6600 
FAX -602-966-4826 

Hall-Mark Electronics Corporation 
4637 South 36th Place 
Phoenix, AZ 85040 
Phone -602-437-1200 
FAX -602-437-2348 

Wyle Laboratories 
4141 E. Raymond St., Suite #1 
Phoenix, AZ 85040 
Phone -602-437-2088 
FAX -602-437-2124 

Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 
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NEW YORK 

Representatives 

Electra Sales Corporation 
3000 Winston Rd. S., Bldg. E 
Rochester, NY 14623 
Phone -716-427-7860 
FAX -716-427-0614 

Electra Sales Corporation 
1 Adler Drive 
East Syracuse, NY 13057 
Phone -315-463-1248 
FAX -315-463-1717 

Parallax, Inc. 

734 Walt Whitman Road 
Melville, NY 11747 
Phone -516-351-1000 
FAX -516-351-1606 

Distributors 

Anthem Electronics-Military 
47 Mall Drive 
Commack, NY 11725-5703 
Phone -516-864-6600 
FAX -516-493-2244 

Anthem Electronics, Inc. 

26 Chapin Road, Unit K 
Pinebrook,NJ 07058 
Phone -201-227-7960 
FAX -201-227-9246 

Hall-Mark Electronics Corporation 
6605 Pittsford - Palmyra Road, Suite E8 
Fairport, NY 14450 
Phone -716-425-3300 
FAX -716-425-7195 

Hall-Mark Electronics Corporation 
3075 Veterans Memorial Hwy. 
Ronkonkoma, NY 11779 
Phone -516-737-0600 
FAX -516-737-0838 

Hall-Mark Electronics Corporation 
200 Lanidex Plaza, 2nd Floor 
Parsippany, N] 07054 
Phone -201-515-3000 
FAX -201-515-4475 

MAST Distributors, Inc. 

710-2 Union Parkway 
Ronkonkoma, NY 11779 
Phone -516-471-4422 
FAX -516-471-2040 


Pioneer Standard 
68 Corporate Drive 
Binghamton, NY 13904 
Phone -607-722-9300 
FAX -607-722-9562 

Pioneer Standard 
14A Madison Road 
Fairfield, NJ 07006 
Phone -201-575-3510 
FAX -201-575-3454 

Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Phone -716-381-7070 
FAX -716-381-5955 

Pioneer Standard 
60 Crossways Park West 
Woodbury, NY 11797 
Phone -516-921-8700 
FAX -516-921-2143 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2110 Smithtown Avenue 
Ronkonkoma, L.I., NY 11779 
Phone -516-737-4500 
FAX -516-737-4520 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

NORTH CAROLINA 

Representatives 

Southeast Technical Group 
700 N. Arendell Avenue 
Zebulon,NC 27597 
Phone -919-269-5589 
FAX -919-269-5670 

Distributors 

Hall-Mark Electronics Corporation 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone -919-872-0712 
FAX -919-878-8729 


Pioneer Technologies 
9401L Southern Pine Blvd. 
Charlotte, NC 28273 
Phone -704-526-8188 
FAX -704-522-8564 

Pioneer Electronics 
2810 Meridian Parkway, #148 
Durham, NC 27713 
Phone -919-544-5400 
FAX -919-544-5885 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

NORTH DAKOTA 

Representative 

HMR Incorporated 
9065 Lyndale Ave. South 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 

Distributors 

Anthem Electronics Incorporated 
7646 Golden Triangle Dr., #160 
Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone -612-881-2600 
FAX -612-881-9461 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 
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OHIO 

Representatives 

Scott Electronics, Inc. 

Corporate Headquarters 
3131 S. Dixie Dr., Suite 200 
Dayton, OH 45439-2223 
Phone -513-294-0539 
FAX -513-294-4769 

Scott Electronics, Inc. 

360 Alpha Park 
Cleveland OH 44143-2240 
Phone -216-473-5050 
FAX -216-473-5055 

Scott Electronics, Inc. 

916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone -614-882-6100 
FAX -614-882-0900 

Scott Electronics, Inc. 

10901 Reed-Hartman Hwy., Suite 301 
Cincinnati, OH 45242-2821 
Phone -513-791-2513 
FAX -513-791-8059 

Distributors 

Hall-Mark Electronics Corporation 
5821 Harper Road 
Solon, OH 44139 
Phone -216-349-4632 
FAX -216-248-4803 

Hall-Mark Electronics Corporation 
777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone -614-888-3313 
FAX -614-888-0767 

Pioneer Standard 
4800 E. 131st Street 
Cleveland, OH 44105 
Phone -216-587-3600 
FAX -216-587-3906 

Pioneer Standard 
4433 Interpoint Blvd. 

Dayton, OH 45424 
Phone -513-236-9900 
FAX -513-236-8133 

Pioneer Standard 
6421 E. Main St., #201 
Reynoldsburg, OH 43608 
Phone -614-221-0043 
FAX -614-759-1955 


Military Distributors 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

OKLAHOMA 

Representative 

Nova Marketing Incorporated 
8125 E. 51st St., Suite 1339 
Tulsa, OK 74145 
Phone -918-660-5105 
FAX -918-665-3815 

Distributors 

Hall-Mark Electronics Corporation 
5411 S. 125th East Avenue, #305 
Tulsa, OK 74146 
Phone -918-254-3200 
FAX -918-254-6207 

Pioneer Standard 

4110 South 100th East Avenue, Suite 100 
Tulsa, OK 74146 
Phone -918-665-7840 
FAX -918-665-1891 

Military Distributor 

Zeus Components, Inc. 

1800 N. Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

OREGON 

Representative 

Westerberg & Associates 
7165 S.W. Firloop 
Portland, OR 97223 
Phone -503-620-1931 
FAX -503-684-5376 


Distributors 

Anthem Electronics Incorporated 
9090 S.W. Gemini Drive 
Beaverton, OR 97005 
Phone -503-643-1114 
FAX -503-626-7928 

Wyle Laboratories 

9640 Sunshine Court, Suite 200, Bldg. G 
Beaverton, OR 97005 
Phone -503-643-7900 
FAX -503-646-5466 

Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

PENNSYLVANIA 

Representatives 

Omega Electronic Sales Incorporated 
2655 Interplex Dr., #104 
Trevose, PA 19047 
Phone -215-244-4000 
FAX -215-244-4104 

Scott Electronics, Inc. (W. PA) 

916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone -614-882-6100 
FAX -614-882-0900 

Distributors 

Anthem Electronics, Inc. 

355 Business Center Drive 
Horsham, PA 19044 
Phone -215-443-5150 
FAX -215-675-9875 

Hall-Mark Electronics Corporation 
Moorestown W. Corporate Center 
225 Executive Dr., Suite 5 / 

Moorestown, NJ 08057 
Phone -609-235-1900 
FAX -609-235-3381 

Hall-Mark Electronics Corporation (W. PA) 
5821 Harper Road 
Solon, OH 44139 
Phone -216-349-4632 
FAX -216-248-4803 
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Pioneer Technologies 
500 Enterprise Road 
Horsham, PA 19044 
Phone -215-674-4000 
FAX -215-674-3107 

Pioneer Technologies (W. PA) 

259 Kappa Drive 
Pittsburgh, PA 15238 
Phone -412-782-2300 
FAX -412-963-8255 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 
Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

RHODE ISLAND 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 

Distributors 

Anthem Electronics 
61 Mattatuck Heights 
Waterbury,CT 06705 
Phone -203-575-1575 
FAX -203-596-3232 

Hall-Mark Electronics Corporation 
125 Commerce Ct., Unit 6 
Cheshire, CT 06410 
Phone -203-271-2844 
FAX -203-272-1704 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone -203-853-1515 
FAX -203-838-9901 

Military Distributor 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 


SOUTH CAROLINA 

Representative 

Southeast Technical Group 
700 N. Arendell Avenue 
Zebulon,NC 27597 
Phone -919-269-5589 
FAX -919-269-5670 

Distributors 

Hall-Mark Electronics Corporation 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone -919-872-0712 
FAX -919-878-8729 

Pioneer Technologies 
9401 L. Southern Pine Blvd. 
Charlotte, NC 28273 
Phone -704-526-8188 
FAX -704-522-8564 

Pioneer Technologies 
2810 Meridian Parkway, #148 
Durham, NC 27713 
Phone - 919-544-5400 
FAX -919-544-5885 

Military Distributor 

Zeus Components, Inc. 

1750 West Broadway, Suite 114 
Oviedo, FL 32765 
Phone -407-365-3000 
FAX -407-365-2356 

SOUTH DAKOTA 

Representative 

HMR Incorporated 
9065 Lyndale Avenue 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 

Distributors 

Anthem Electronics Incorporated 
7646 Golden Triangle Dr., #160 
Eden Prairie, MN 55344 
Phone -612-944-5454 
FAX -612-944-3045 

Hall-Mark Electronics Corporation 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone -612-881-2600 
FAX -612-881-9461 


Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone -612-944-3355 
FAX -612-944-3794 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

TENNESSEE 

Representative 

Southeast Technical Group 

101 Washington, Suite 6 
Huntsville, AL 35801 
Phone -205-534-2376 
FAX -205-534-2384 

Distributors 

Hall-Mark Electronics Corporation 
4890 University Square 
Business Center, Suite 1 
Huntsville, AL 35816 
Phone -205-837-8700 
FAX -205-830-2565 

Pioneer Technologies 
4835 University Square, #5 
Huntsville, AL 35818 
Phone -205-837-9300 
FAX -205-837-9358 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

TEXAS 

Representatives 

Nova Marketing Incorporated 
8350 Meadow Road, Suite 174 
Dallas, TX 75231 
Phone -214-750-6082 
FAX -214-750-6068 
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Nova Marketing Incorporated 
9207 Country Creek, Suite 141 
Houston, TX 77036 
Phone -713-988-6082 
FAX -713-774-1014 

Nova Marketing Incorporated 

8310 Capitol of Texas Hwy. North, Suite 180 

Austin, TX 78731 

Phone -512-343-2321 

FAX -512-343-2487 

Quatra Associates, Inc. (El Paso, TX) 

600 Autumnwood Place, S.E. 

Albuquerque, NM 87123 
Phone -505-296-6781 
FAX -505-292-2092 

Distributors 

Anthem Electronics, Inc. 

351 N. Plano Road, Suite 429 
Richardson, TX 75081 
3 hone - 214-238-7100 
"AX - 214-238-0237 

Tail-Mark Electronics Corporation 
1221 1 Technology Boulevard 
Austin, TX 78727 
5 hone- 512-258-8848 
? AX- 512-258-3777 

Tail-Mark Electronics Corporation 
1333 Pagemill Road 
)allas,TX 75243 
’hone - 214-343-5000 
AX- 214-343-5851 

lall-Mark Electronics Corporation 
1420 Pagemill Road 
)allas,TX 75243 
hone -214-553-4300 
AX -214-343-5988 

lall-Mark Electronics Corporation 
000 Westglen 
louston, TX 77063 
hone -713-781-6100 
AX -713-953-8420 

ioneer Standard 
326 Kramer Lane, Suite D 
ustin, TX 78758 
hone -512-835-4000 
AX -512-835-9829 

ioneer Electronics 
1765 Beta Road 
alias, TX 75244 
hone - 214-386-7300 
AX - 214-490-6419 
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Pioneer Standard 
10530 Rockley Rd., Suite 100 
Houston, TX 77099 
Phone -713-495-4700 
FAX -713-495-5642 

Wyle Laboratories 

4030 W. Braker Lane, Suite 420 

Austin, TX 78759 

Phone -512-345-8853 

FAX -512-834-0981 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75081 
Phone -214-235-9953 
FAX -214-644-5064 

Wyle Laboratories 
11001 S.Wilcrest, Suite 100 
Houston, TX 77099 
Phone -713-879-9953 
FAX -713-879-6540 

Military Distributor 

Zeus Components, Inc. 

1800 N.Glenville, Suite 120 
Richardson, TX 75081 
Phone -214-783-7010 
FAX -214-234-4385 

UTAH 

Representative 

Wescom Marketing 
3500 So. Main, Suite 100 
Salt Lake City, UT 84115 
Phone -801-269-0419 
FAX -801-269-0665 

Distributors 

Anthem Electronics Incorporated 
1279 West 2200 South 
Salt Lake City, UT 84119 
Phone -801-973-8555 
FAX -801-973-8909 

Hall-Mark Electronics Corporation 
12503 E. Euclid Drive, Suite 20 
Englewood, CO 80111 
Phone -303-790-1662 
FAX -303-790-4991 

Wyle Laboratories 
1325 West 2200 South, Suite E 
Salt Lake City, UT 84119 
Phone -801-974-9953 
FAX -801-972-2524 


Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

VERMONT 

Representative 

Advanced Tech Sales Incorporated 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone -508-664-0888 
FAX -508-664-5503 
Distributors 
Anthem Electronics 
36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
FAX -508-657-6008 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone -508-667-0902 
FAX -508-667-4129 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
FAX -617-863-1547 

Military Distributor 

Zeus Components, Inc. 

11 Lakeside Office Park 
607 North Avenue 
Wakefield, MA 01880 
Phone -617-246-8200 
FAX -617-246-8293 

VIRGINIA 

Representative 

Electronic Engineering & Sales, Inc. 
235 Prince George Street 
Annapolis, MD 21401 
Phone -301-269-6573 
FAX -301-269-6476 
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Distributors 

Anthem Electronics 

7168 A Columbia Gateway Drive 

Columbia, MD 21046-2101 

Phone -301-995-6640 

FAX -301-381-4379 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone -301-988-9800 
FAX -301-381-2036 

Pioneer Technologies 
9100 Gaither Drive 
Gaithersburg, MD 20877 
Phone -301-921-0660 
FAX -301-921-3852 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

WASHINGTON 

Representative 

Westerberg & Associates 
12505 N.E. Bel-Red Rd., #112 
Bellevue, WA 98005 
Phone -206-453-8881 
FAX -206-453-8758 

Distributors 

Anthem Electronics Incorporated 
19017420th Ave.N.E., Suite 102 
Bothell, WA 98011 
Phone -206-483-1700 
FAX -206-486-0571 

Hall-Mark Electronics Corporation 
250 Northwest 39th, Suite #4 
Seattle, WA 98107 
Phone -206-547-0415 
FAX -206-632-4814 

Wyle Laboratories 
15385 NE 90th Street 
Redmond, WA 98052-3522 
Phone -206-881-1150 
FAX -206-453-0071 

Military Distributor 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 


Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 

WEST VIRGINIA 

Representative 

Scott Electronics, Inc. 

916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone -614-882-6100 
FAX -614-882-0900 

Distributor 

Hall-Mark Electronics Corporation 
777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone -614-888-3313 
FAX -614-888-0767 

Military Distributor 

Zeus Components, Inc. 

8930-A Route 108 
Columbia, MD 21045 
Phone -301-997-1118 
FAX -301-964-9784 

WISCONSIN 

Representatives 

HMR Incorporated (E. WI) 

9065 Lyndale Avenue South 
Minneapolis, MN 55420-3520 
Phone -612-888-2122 
FAX -612-884-4768 

Industrial Representatives, Inc. (W. WI) 
16745 W. Bluemound Road, Suite 340 
Brookfield, WI 53005 
Phone -414-789-9393 
FAX -414-789-9272 

Distributors 

Anthem Electronics, Inc. 

1300 Remington, Suite A 
Schaumburg, IL 60173 
Phone -708-884-0200 
FAX -708-884-0480 

Hall-Mark Electronics Corporation 
210 Mittle Drive 
Wood Dale, IL 60191 
Phone -708-860-3800 
FAX -708-860-0239 


Hall-Mark Electronics Corporation 
16255 West Lincoln Avenue 
New Berlin, WI 53151 
Phone -414-797-7844 
FAX -414-797-9259 

Pioneer Standard 
120 Bishops Way, #163 
Brookfield, WI 53005 
Phone -414-784-3480 
FAX -414-784-8207 

Military Distributors 

Zeus Components, Inc. 

100 Midland Avenue 
Port Chester, NY 10573 
Phone -914-937-7400 
FAX -914-937-2553 

Zeus Components, Inc. 

2912 Springboro West, Suite 106 
Dayton, OH 45439 
Phone -513-293-6162 
FAX -513-293-1781 

WYOMING 

Representative 

Wescom Marketing 
3500 South Main, Suite 100 
Salt Lake City, UT 84115 
Phone -801-269-0419 
FAX -801- 269-0665 

Distributors 

Anthem Electronics Incorporated 
373 Inverness Drive 
Englewood, CO 80112 
Phone -303-790-4500 
FAX -303-790-4532 

Wyle Laboratories 
1325 West 2200 South, Suite E 
West Valley, UT 84119 
Phone -801-974-9953 
FAX -801-972-2524 

Military Distributors 

JAN Devices, Inc. 

6925 Canby, Bldg. 109 
Reseda, CA 91335 
Phone -818-708-1100 
FAX -818-708-7436 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose, CA 95119 
Phone -408-629-4789 
FAX -408-629-4892 
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AFRICA 

Distributor 

Monte Vista International 
5976 W. Las Postias Blvd., #220 
Pleasanton, CA 94588 
Phone -415-463-8683 
FAX -415-463-8732 

AUSTRALIA 

Representative 

Reptechnic Pty. Ltd. 

3/36 Bydown Street 
Neutral Bay NSW 2089 
Phone -612-953-9844 
FAX -612-953-9683 

AUSTRIA 

Representative & Distributor 

Thomas Neuroth GmbH 
Hietzinger Hauptstrasse 22/A/2 
A-l 130 Wien 
Phone -431-82-56-45 
FAX -431-82-84-920 

BELGIUM 

Representative & Distributor 

MCA - Tronix SPRL 
Parc de Recherches 
Du Sart Tilman 
Ave. des NoiSetiers 
B-4031 Angleur 
Phone -32-41-67-4208 
FAX -32-41-67-6331 

Microtron 

Generaal Dewittelaan 
2800 Mechelen 
Phone -32-15-212223 
FAX -32-15-210069 

DENMARK 

Representative 

Delco A/S 
Mejeribakken 8 
3540 Lynge 

Phone -45-42-18-95-33 
PAX - 45-42-18-95-30 

Distributor 

5 rescom A/S 
dejeribakken 8 
1540 Lynge 

5 hone- 45-42-18-98-00 
IAX -45-42-18-98-11 


FINLAND 

Representative & Distributor 

Integrated Electronics OY AB 
Turkhaudantie 1 
P.O.Box 160 
SF-00700 Helsinki 
Phone -358-0-351-3133 
FAX -358-0-351-3134 

FRANCE 

Representative 

Rep'Tronic, SA 
1 Bis, rue Marcel Paul 
Batiment A 
Z.I. de la Bonde 
91300 Massy 
Phone -33-1-60-13-9300 
FAX -33-1-60-13-9198 

Distributors 

Arrow Electronique S.A. 

73-79, rue des Solets 
Silic 585 

94663 Rungis Cedex 
Phone -33-1-49-78-4848 
FAX -33-1-49-78-0699 

Paris Sud Electronique Composants 

12, rue Rene Cassin 

91300 Massy 

Phone -33-1-69-20-6699 

FAX -33-1-69-20-7532 

RTF Diffusion 
79, rue Pierre Semard 
92320 Chatillon 
Phone -33-1-49-65-2600 
FAX -33-1-49-65-2649 

Thomson Composants Distribution 
30, Avenue de TEpi d'Or 
94807 Villejuif, Cedex 
Phone -33-1-46-87-2224 
FAX -33-1-46-87-0711 

GERMANY 

Sales & Customer Service Office 

Micron Technology (Deutschland) GmbH 

Marsstrasse3 

D-8011 Aschheim 

Phone -49-89-903-0021 

FAX -49-89-904-3114 


Representative & Distributor 

EBV-Elektronik GmbH 
Hans-Pinsel-Str. 4 
D-8013 Haarb. Miinchen 
Phone -49-89-4-60-96-255 
FAX -49-89-46-44-88 

Distributors 

Metronik GmbH 
Leonhardsweg2 

D-8025 Unterhaching b. Miinchen 
Phone -49-89-611-08-0 
FAX -49-89-611-22-46 

Neumiiller GmbH 
Eschenstrasse 2 
Postfach 1250 
D-8028 Taufkirchen 
Phone -49-89-612-08227 
FAX -49-89-612-2680 

HONG KONG 

Sales & Customer Service Office 

Micron Technology Asia 
Apt. A, 15/F, Block 3 
Pacific View, 38 Tai Tam Road 
Phone -852-813-5609 
FAX -852-813-5914 

Representative 

Lestina International Ltd. 

14/F, Park Tower 
15 Austin Road 
Tsimshatsui 
Phone -852-735-1736 
FAX -852-730-5260 

INDIA 

Distributor 

Silicon Electronics 
3350 Scott Blvd. 

Suite 1201 

Santa Clara, CA 95054 
Phone -408-988-4408 
FAX -408-988-4431 

INDONESIA 

Representative 

Desner Electronics (FE) Ltd. 

42 Mactaggart Road 
#04-01 Mactaggart Bldg. 

Singapore 1336 
Phone -65-285-1566 
FAX -65-284-9466 
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IRELAND 

Representative 

New England Technical Sales 
The Diamond 
Malahide County Dublin 
Phone -353-1-450635 
FAX -353-1-453625 

Distributor 

Lyco, Ltd. 

Estuary House 
New Street 
Malahide, Dublin 
Phone -353-1-452-020 
FAX -353-1-451-741 

ISRAEL 

Representative & Distributor 

C.R.G. Electronics, Ltd. 

29 Hagaaton Str. 

P.O.B. 154 
Nahariya 22100 
Phone -972-4-925-819 
FAX -972-4-924-065 

ITALY 

Representative & Distributor 

Moxel S.R.L. 

Via C Frova, 34 
20092 Cinisello Balsamo (MI) 
Phone -39-261-290521 
FAX -39-261-72582 

Distributor 

EUR Elettronica S.p.A. 

Sede: Via E. Fermi, 8 
20094 Assago (MI) 

Partita IVA 00883800153 
Phone -02-4880022 
FAX -02-4880275 

JAPAN 

Distributor 

Sanyo Electronic Co., Ltd. 
Natsume Bldg., 4th Floor 
18-6, 2-Chome, Yushima 
Bunkyo-Ku, Tokyo 113 
Phone -81-3-3818-4430 
FAX -81-3-3818-1124 


KOREA 

Representative 

Anam Semiconductor 
3rd Floor, Yoowha Bldg. 

995-16, Daechi-Dong 
Kangnam-Gu, Seoul 
Phone -822-553-2997 
FAX -822-553-2998 

MALAYSIA 

Representative 

Desner Electronics (FE) Ltd. 

42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone -65-285-1566 
FAX -65-284-9466 

THE NETHERLANDS 

Representative & Distributor 

Microtron 
Postbus 188 
1243 ZK's Graveland 
Phone -31-35-61834 
FAX -31-35-62709 

NEW ZEALAND 

Representative 

Reptechnic 
3/36 Bydown Street 
Neutral Bay, NSW 2089 
Australia 

Phone -612-953-9844 
FAX -612-953-9683 

NORWAY 

Representative & Distributor 

BIT Elektronikk A/S 
Smedsvigen 4 
P.O.Box 194 
1364 Hvalstad 
Phone -47-2-981370 
FAX -47-2-981371 

PHILLIPINES 

Representative 

Desner Electronics (FE) Ltd. 

42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone -65-285-1566 
FAX -65-284-9466 


PORTUGAL 

Representative & Distributor 

ATD Electronica, LDA. 

Rua Dr. Faria De Vasconcelos, 3A 
1900 Lisboa 
Phone -351-1-847-2196 
FAX -351-1-847-2197 

SINGAPORE 

Representative 

Desner Electronics (FE) Ltd. 

42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone -65-285-1566 
FAX -65-284-9466 

SPAIN 

Representative & Distributor 

ATD Electronica, S.A. 

Avda. de la Industria 32 
Nave 17, 2o B. 

28100 Alcobendas Madrid 
Phone -341-661-6551 
FAX -341-661-6300 

SWEDEN 

Representative 

Gateline AB 

Sadelmakarvagen 9, Box 590 

S-146 00 

Tullinge 

Phone -46-8-778-44-40 
FAX -46-8-778-87-17 

Representative & Distributor 

IE Komponenter AB 
Box 11 113 
S-161 11 Bromma 
Phone -46-8-804685 
FAX -46-8-262286 

SWITZERLAND 

Representative & Distributor 

Alltron AG 

Hintermattlistr. 3 

5506 Magenwil 

Phone -41-64-56-00-00 

FAX -41-64-56-00-05 
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TAIWAN, R.O.C. 

Representative 
ASEC International Corporation 
4F, No. 180, Sec. 2 
Min-Sheng E. Road 
Taipei, Taiwan R.O.C. 

Phone -886-2-505-7025 
FAX -886-2-501-1524 

THAILAND 

Representative 

Desner Electronics (FE) Ltd. 

42 Mactaggart Road 
#04-01 Mactaggart Bldg. 

Singapore 1336 
Phone -65-285-1566 
FAX -65-284-9466 

UNITED KINGDOM 

Sales & Customer Service Office 
Micron Technology (U.K.) Ltd. 
Centennial Court 
Easthampstead Road 
Bracknell 

Berkshire RG12 1JA 
Phone -44-344-360055 
FAX -44-344-869504 

Assembly & Test Facility 
Micron Technology (U.K.) Ltd. 
Crompton Way 

North Newmoor Industrial Estate 
Irvine, Ayrshire, KA11 4DY 
Scotland 

Phone -44-294-222400 
FAX -44-294-222404 

Representatives 

Cedar Technologies (U.K.) Ltd. 
Trustrock House 
Woodend Estate 
Cowdenbeath 
Fife KY4 8HW 
Phone -44-383-610-910 
FAX -44-383-610-911 

Cedar Technologies (U.K.) Ltd. 

The Old Water Works 
Howse Lane 
Bicester 
Oxon OX6 8XF 
Phone -44-869-322-366 
FAX -44-869-322-377 


Cedar Technologies (U.K.) Ltd. 
131 Bramley Way 
Hardwick 

Cambridge CB3 7XE 
Phone -44-954-211360 
FAX -44-954-211538 

Distributors 

Abacus Electronics Holdings Ltd. 
Abacus House 
Bone Lane 
Newbury 

Berkshire RG145SF 
Phone -44-635-36222 
FAX -44-635-38432 

Bytech Components, Ltd. 

12 A Cedarwood 
Chineham Business Park 
Crockford Lane 
Basingstoke 
Hampshire RG24 OWD 
Phone -44-256-707-107 
FAX -44-256-707-162 

Force Technologies, Ltd. 

Unit 18 

Campbell Court 
Bramley 
Basingstoke 
Hampshire RG26 5EG 
Phone -44-256-880788 
FAX -44-256-880307 

Thame Components, Ltd. 

Thame Park Road 
Thame 

Oxfordshire OX9 3UQ 
Phone -44-84-426-1188 
FAX -44-84-426-1681 
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Micron Technology, Inc. 
2805 East Columbia Road 
Boise, Idaho 83706 
Telephone: (208) 368-3900 
FAX: (208) 368-4431 
Customer Comment Line (USA): (800) 932-4992 
Customer Comment Line (Inti.): (208) 368-3410 
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